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It  seems  requisite  here  to  observe  that  the  present  work^ 
which  is  in  great  measure  original,  was  nevertheless  founded 
on  the  little  volume  published  in  1818,  and  entitled  a  ^  Selection 
of  Facts,'  &c.  Soon  after  its  publication,  I  received  a  letter 
from  the  Riev.  W.  D.  Conybeare,  in  which  he  offered  me  several 
corrections,  and  the  contribution  of  much  original  information^ 
on  the  assumption  that  a  second  edition  would  be  called  for. 
These  offers  were  gratefully  accepted ;  and  not  very  long  after- 
wards I  received  from  him,  among  other  important  communi- 
^tions,  the  detailed  view  of  the  several  CoaUformations  of 
England  and  Wales,  forming  the  conclusion  of  the  first  part 
of  this  work.  When  the  proportion  of  his  contribution  had  so 
materially  encreased,  I  wrote  to  the  Rev.  W.  D.  Conybeare, 
requesting  him  to  become  the  Editor  of  this. work,  and  offering 
for  his  acceptance  every  thing  which  my  industry  as  a  compiier 
had  enabled  me  to  collect;  his  reply  was,  that  he  preferred 
giving  me  his  assistance,  and  the  repetition  more  than  once 
of  my  request,  produced  only  a  repetition  of  his  first  reply ; 
finally,  his  consent  was  obtained  for  the  appearance  of  our  names 
in  the  title  page  as  joint  Editors ;  his  assistance  however  has 
been  gratuitous,  for  he  has  no  other  interest  in  the  work  than 
as  having  contributed  towards  it. 

'  The  reader  will  readily  perceive  that  a  very  large  proportion 
of  the  whole  is  by  the  pen  of  the  Rev.  W.  D.  Conybeare,  whose 
name  or  initial  is  annexed  to  his  contributions.  Not  only  have 
these  contributions  given  to  it  the  air  of  an  original  work ;  but 
the  grand  division  of  the  whole  series  of  our  Formations,  their 
sub-divisions,  and  the  accounts  of  analagous  formations  in  other 
countries,  together  with  the  Synoptical  Tables  prefixed  to  each 
Book,  as  well  as  the  principal  part  of  the  Plate  of  Sections, 
and  many  material  corrections  and  additions  to  the  little  Map, 
are  exclusively  his. 

Feeling  therefore  how  great  has  been  the  share  of  my  coadjo- 
tor,  and  how  comparatively  little  my  own  (for  mine  has  chiefly 
been  that  of  a  compiler),  I  have  not  hesitated  thus  to  lay 
before  the  reader,  a  statement  of  the  facts  so  intimately  con- 
nected with  the  production  of  the  work. 

"^  I  wish  also  to  state  the  obligations  I  feel  to  the  liberality  of 
G.  B.  Greenough,  Esq.  late  President  of  the  Geological  Society, 
for  the  presentation  to  me  of  a  copious  selection  of  his  Notes 
on  the  Geology  of  our  island,  of  which  considerable  use  has' been 
made. 
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FRELIMINART   NOTICE* 

A  small  typeandra  thin  paper  have  been  preferred  for  the 
advantage  of  the  traveller^  who,  it  is  presumed,  will  not  fail  to 
find  the  volume,  an  interesting  companion  of  his  travels.  Some 
copies  have  been  printed  with  the  same  types  on  a  larger  and 
mor^  substantial  paper* 

!  ."•  W.P.  . 

.  The  following  statement,  drawn,  up  by  the  Rev.  W^  D, 
CpnyJ;)eare,  will  suflciently  explain  the  priaciples  which,  have 
iofluenced  the  new  arrangement  he  has  given  to  the  plan  of  the 
ivork,  and  the  commuDications  above  alluded  to. 
.  It  has  been  endeavoured  to  render  the  present  volume  useful 
not  only  as  an  account  of  the  physical  structure  of  £ngla|i4 
hjjit  also  as  a  general  manual  of  Geology.  ,  With  this  object  an 
Introduction  has  been  prefixed  containing  an  elementary  view 
of  th^  general  principles  of  that  science,  and  a  copipe^dipu% 
survey  of  the  various  topics  which  a  complete  system  of  it  ought 
to  embrace. 

.  The  principles  thus  generally  laid  down  are,  in  the  bo^y  of 
the  work,  illustrated  in  the  detail  by  theiir  application  to  the 
geological  phcenomena  of  our  own  island;  the  full  developed 
ment  of  these  forms  the  pri^cipal  object  of  the  work,  but  to 
^void  partial  and  incomplete  views  we  have  subjoined,  wherever 
it  was  possible,  concise  accounts  of  the  comparative  geology  of 
other  countries:  these  have  necessarily  been  brief,  but  it  is 
hoped  sufficiently  copious  to  answer  their  subsidiary  object, 
No  single  and  general  work  which  has  yet  appeared  will  indeed 
be  found  to  have  entered  so  largely  upon  this  branch  of  the 
subject. 

Every  source  of  information  with  regard  to  the  geology  of 
£ngland  has  been  consulted  as  far  as  the  knowledge  of  the 
editors  extended ;  but  to  mere  compilations  from  the  obserTa-* 
tions  of  others  unity  of  design  and  precision  of  statement  must 
generally  be  wanting,  without  the  advantage  of  a  personal  ex* 
amination  of  the  districts  described ;  to  this  advantage  the 
present  work  must  be  understood  as  advancing  a  general  claiin^ 
hence  a  great  part,  perhaps  the  greater  part,  of  its  mateiials 
are,  in  the  strictest  sense  of  the  term,  original. 

T}ie  part  now  submitted  to  the  public  comprises  a  descrip- 
tion of  the  various  formations  as  exhibited  within  the  limits 
assigned  to  this  work,  from  the  most  recent  to  the  lowest  rocks 
f^sociated  in.  the  coal-districts. 

The  second  part  will  embrace  the  series  commonly  called 
transition  and  Primitive,  and  thus  complete  that  branch  of  the 
subject  connected  with  the  description  and  distribution  of  the 
several  formations ;  but  in  addition  to  these  many  other  topics 
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dfemand  attention  iii  an  atteofipt  to  gire  a  cdtnpletc  delineation 
0^  the  geology- of  anj  country;  the  derangements  which  those 
formations  have  experienced,  the  circumstances  of  the  vallies 
apparently  excavated  in  their  mass,  the  accumalations  of  gravel 
derived  from  their  partial  destruction,  &c.  are  most  important 
classes  of  geological  phoenomena  which  require  to  be  presented 
under  proper  heads  in  a  connected  view,  in  order  to  place  in 
the  full  and  clear  light  of  their  real  evidence  the  inferences 
resulting  from  them  ;  to  the  partial  and  uncombined  views 
#hich  have  been  too  generally  taken  of  these  phoenomena,  much 
of  the  contradictory  theories  which  have  divided  geologists 
must  be  ascribed  ;  a  regular  induction  of  them  applied  not  to 
a  limited  district,  but  extending  to  the  whole  of  this  country, 
may  therefore  it  is  hoped  contribute  in  some  measure  to  lay  a 
more  secure  and  solid  foundation  :  the  manner  in  which  it  is 
proposed  to  handle  these  subjects  will  appear  from  the  Intro- 
duction. 

All  other  incidental  matter  arising  from  the  general  subject 
will  likewise  find  its  place  in  the  second  Part.* 

The  bulk  and  expense  of  the  second  Part  will  certainly  not 
exceed  and  probably  fall  short  of  the  present. 
-  It  is  impossible  to  give  a  distinct  pledge  as  to  the  period  of 
publication ;  delay  will  be  avoided  as  far  as  it  can  be  so  without 
injuring  the  character  of  the  work. 

The  present  part+  has  been  presented  to  the  public  without 
waiting  for  the  completion  of  the  second,  chiefly  because  it  con- 
tains the  history  of  those  formations  which  have  been  as  yet 
iully  examined  in  England  alone,  and  of  which  a  detailed 
description  was  required  to  fill  an  important  chasm  in  the 
science  of  Geology.  The  remaining  formations  (those  of  the 
commonly  called  transition  and  primitive  districts)  are  of  les^ 
importance  under  this  point  of  view,  since  they  are  more  ex- 
tensively exhibited  in  many  other  countries,  have  been  long 
generally  known  and  often  described,  and  the  precision  which 
Dr.  Mac  Culloch  has  recently  introduced  into  this  branch  of  the 
subject  has  left  nothing  further  to  desire. 

The  degree  of  originality  belonging  to  the  present  work  will 
appear  from  the  following  statements. 

.  *  It  18  proposed,  as  an  Appendix  to  the  second  part,  to  give  a  slight. 
sketch  of  the  processes  connected  with  the  working  the  difFerent  mines, 
and  the  metallurgical  operations  prosecuted  in  the  mining  districts,  subjects 
which  will  be  found  useful  in  a  manual  intended  as  a  con^pauion  for  the 
Eiigllsh  geological  traveller. 

+  The  interval  between  the  publication  of  the  first  and  second  part,  will 
also  be  attended  with  an  important  incidental  advantage  in  enabling  the 
editors  to  sub^in,  in  the  form  of  an  appendix,  the  most  material  correc- 
tions and  additions  which  during  that  interval  may  be  collected. 
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PRELIMINAHT   NOTICB. 

'  The  history  6f  the  formations  above  the  Chalk  having  been^ 
already  fully  treated  in  the  memoirs  of  Messrs.  Webster  and 
Buckland,  little  besides  the  task  of  compilation  remained  to  the 
editors  \vith  regard  to  the  subjects  embraced  in  the  first  book. 

With  reference  to  the  formations  comprised  in  the  second 
Book,  the  general  history  of  the  Chalk  has  long  been  known, 
but  no  attempt  to  trace  its  details  was  previously  in  existence. 
The  sands  beneath  the  chalk,  as  far  as  they  are  exhibited  on 
the  coasts  of  the  Isle  of  Wight  and  Dorsetshire,  had  been  ably 
illustrated  by  Mr.  Webster,  but  all  the  materials  connected 
with  their  distril)ution  in  other  parts  of  the  island  are  entirely 
new,  including  a  tolerably  full  description  of  the  Weald$  of 
Kent,  Surry,  and  Sussex. 

The  general  outlines  of  the  whole  Oolitic  series  were  (as  has 
been  fully  stated  in  the  Introduction)  first  sketched  by  Mr. 
Smith ;  but,  with  the  exception  of  a  few  extremely  brief  no- 
tices inserted  by  that  gentleman  in  his  "  Strata  identified  by 
their  organic  remains,"  and  the  descriptions  in  the  Rev;  Mr. 
Townsend's  Vindication  of  Moses,  nothing  had  been  published 
on  the  subject ;  almost  all  the  details  in  this  part  of  the  present 
work  are  therefore  strictly  original. 

No  general  accounts  of  the  New  Red  Sandstone  and  Magne- 
sian  Limestone  formations  were  extant,  and  but  little  assistance 
was  to  be  derived  from  the  few  and  partial  notices  which  had 
appeared.  Mr.  Winch's  account  however  of  the  small  portion 
of  this  tract  which  fell  under  his  observation,  deserves  favorable 
mention. 

Though  very  valuable  materials  were  extant  in  the  descrip- 
tions of  the  Northumberland  and  Derbyshire  Coal-fields  by 
Messrs.  Winch,  Whitehurst,  and  Farey,  yet  a  regular. and  coii- 
Qected  account  of  the  Coal-districts  of  this  country  remained  a 
desideratum.  The  editors  are  inclined  to  rest  the  claims  of  the 
present  work  to  public  notice  very  principally  on  the  informa- 
tion now  for  the  first  time  brought  together  on  this  most  impor- 
tant subject. 

The  articles  pointing  out  the  relations  of  the  English  forma- 
tions to  those  of  the  continent,  are  also  among  the  most  original, 
and  it  is  hoped  most  useful  portions  of  the  volume.  While  it 
was  passing  through  the  press  a  very  able  memoir  on  this  sub- 
ject by  Professor  Buckland  appeared,  which  was  shortly  fol^ 
lowed  by  a  series  of  essays  in  the  Annals  of  Philosophy  by  Mr. 
Weaver,  containing  an  excellent  outline  of  the  researches  of 
Friesleben,  Raumer,  &c.  in  the  north  of  Germany.  We  have 
availed  ourselves  of  both  these  sources,  but  the  general  outlines 
of  the  plan  were  previously  laid  down,  and  the  greatest  part  of 
its  details  have  never  before  been  collected  together. 
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PRELIMINARY   NOTICE. 

A  method  as  systematic  as  the  nature  of  the  subject  wottld 
admit  has  been  adopted,  and  the  various  particulars  relating  to 
the  several  formations  are  disposed  under  an  uniform  series  of 
general  heads,  which  it  is  trusted  will  greatly  facilitate  reference. 
A  constant  order  has  also  been  pursued  in  tracing  the  local  dis- 
tribution of  each  formation,  beginning  with  its  northern  extre- 
mity and  proceeding  regularly  to  the  southern ;  thus  we  have 
avoided  that  frequent  transition  to  distant  geographical  sites  so 
embarrassing  to  the  student. 

The  outline  map  which  accompanies  this  work  is  chiefly 
Compiled  from  Mr.  Greenough's  ;  we  have  not  however  intro* 
duced  his  division  of  the  different  varieties  of  slates  in  the  dis- 
tricts of  Cumberland,  Wales,  and  Devon,  regarding  this  point 
as  not  sufficiently  ascertained ;  and  a  different  division  has  been 
adopted  of  a  part  of  the  formations  described  in  our  third  Book, 
we  having  included  the  limestone  shale  of  Derbyshire  under 
the  colour  of  the  mill-stone  grit,  and  considering  it  us  associated 
with  this  formation ;  whereas  Mr.  Greenough  has  associated 
it  with  the  subjacent  cairboniferous  limestone.  This  change  of 
system  produces  an  apparent  difference  through  this  portion  of 
the  map,  where  no  real  difference  exists,  for  the  whole  question 
of  this  division  is  one  of  convenience  only. 

The  sections  will  be  found  more  comprehensive  than  any 
hitherto  published  of  the  island,  and  the  only  ones  in  which- 
the  relations  of  the  older  and  inclined  formations  to  the  recent 
ai^d'  more  horizontal  deposits  are  exhibited  with  distinctness 
and  truth ;  we  have  purposely  avoided  pursuing  the  same  lines 
with  the  various  sections  published  by  Mr.  Smith,  except  in 
one  Ifmited  instance,  where  a  portion  of  one  of  the  sections 
traverses  the  Weald  of  Surry  and  Sussex  in  a  line  nearly  coinci- 
dent with  an  earlier  section  of  this  observer. 

The  sections  5  and  6  are  copied  from  two  of  Mr.  Webster's. 
Xiie  dotted  curves  in  the  former,  indicate  the  general  lines  of 
curvature  to  which  (according  to  the  very  ingenious  view  of  that 
writer)  all  the  different  inclinations  exhibited  by  the  strata  there, 
represented,  may  be  induced. 


***  The  twQ  first  chapti^rs  of  the  second  book,  and  a  part  of 
the  third  chapter  (altogether  extending  from  page  59  to  185) 
not  having^  been  corrected  by  Mr.  C9nybeare,  though  principally, 
derived  from  his  M.S.  some  errors  have  crept  into  this  part  of 
the  work  ;  the  most  material  of  these  are  pointed  out  in  the  list 
of  Errata,  and  the  reader  is  requested  to  correct  them  with  his^ 
pen. 
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CORRIGENDA. 


Page  60,  Hne  3,  fw  Java  read  Jura 

25,  —  whole  of  this  reposes,  r«c^  whole  of  this  scries  reposesr 

...—  61  '    3,  —  coal  transition,  r^o^coal  and  transition 

66  —  IS,  —  The  great  majority  (perhaps  eight  tenths)  of  read  In  a 

great  majority-  of  instances  (perhaps  eight  tenths) 

.  67  16,  —  Pleacente  read  Picacente 

69  *—  29,  '  but*  to  *  foimation,'  line  32,.  should  follow  *  bottom  of 

the  series  (C).*  line  26  of  p.  ^%. 

• 74  Mr.  Miller  is  of  opinion  that  the  specimens  2, 3,  &  4,  quoted  line 

22  a  26  inclusive,  belone  to  a  single  species,  being  derived 
from  different  parts  of  the  animal. 

. 75  line  6  from  hoUom,  for  there  read  thus 

76  1^9  for  and  contracting;  according  to  the  impressing  it  rCt 

ceived  from  read  and  contracting  according  to  the 
impression  received ;  from 

22,  —  pass  direct  to  the  inter-funnel-«haped  cavity,  read  pass 

directly  to  the  internal  funnel-shaped  cavity 

-,-.-.79 14,  —  upper  bea  read  upper  beds 

17,  —  passes  that,  read  passes^  and  that 

26,  —  stratum  read  strata 

«__  80 14,  —  Nodder  read  Nadder 

8  from  Sottom  for  chalk,  traced,  read  chalk  which  we  have 

already  traced 

81  20,/»r  Stowe  read  Stour. 

26,  —  chalk,  placed  read  chalk,  thou^  placed 

107 ^from  bottdmyfor  advancing  east,  r^i  advancing  from  east 

— -—  last  line,/or  connected  read  concealed. 
...«109— -—  2, /or  this  rW  their 
......  121  —  16, —  the  separate  r^^ J  these  separate  heads 

—  Wfrom  bottom  for  constituent  rW  imbedded 

......  125  —    ^,for  costata  read  costatus  \for  tuberculata  rA7</tubercuUtus 

— -  10,  —  laris,  read  Isevis. 
^^^^  129  — — -  17,  —  spinalosus  read  spinulosus. 

.....  18,  —  costata  read  costatus ;  for  obliqua  read  obliquus. 

■'  4  from  bottom  for  concurra  read  concava. 

■  3  — locris  read  Isvis. 

....^  130  —  13         ■   «       —  conalus  rM^conulus. 
.....^  132  — «^-  15  I      "i— —  masked  read  marked 

.;.««  143 1  ^  for  Ragston  hills  road  Ragstone  or  Greensand  hills 

145 26  27,/or  repaired,  and  forced,  r«u/ filled  up  and  thus  forced 

—  10/row  bottom  for  formations  we,  r^iw/ formations  which  we 
— .—  1 49 24 ,  for  form  read  from 

,^_  163  —  18,  —  Newmarket,  between  the  chalk  marie  and  the  iron^ 
sand  which  occurs  on  the  west  of  this  county.  Near 
Gamlingay,  read  Newmarket.  Between  the  chalk 
marie  ana  the  iron  sand,  which  occurs  on  the  west 
of  this  county  near  Gamlingay 

„„_  167 21,  after  encrinites,  &c.  add  are  among  these  remains. 

— ^  23,/>r  in  average  breadth,  extending  r*«/ of  average  breadth, 
and  extending 

„««.  169  —  15,/©r  Moroan  read  Morvan 

177 16,  —  but  it  read  this  clay 

_-  20, 21, /or  formation.     The  beds,  read  formation,  because 
the  beds 

, 178 9, /or  Bagley  wood,  near  Farringdon^  read  Bagley  wood; 

and  near  Farringdon 
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%l.  Proposal  of  ike  sui^fed^  €md  observations  on  the  simpUck^ 

.   of  the  chemical  and  mmeralogiaU  constitution  of  rock  format 

.  iions — §  ^  Regmlarvrder  of  succession  in  the  mineral  masses  i 

-— §-3>  Phmnomena  of  their  disposition  in  strata, — §  4.  Men. 

ihodical  arrangement- cf  the  rocks  into  formations  and  gene-^ 

ral  classes. — §  5,  Ocmrrence  of  animal  and  vegetable  remmns 

imbedded  in  the  strata  and  phtenomena  of  tJus  distribution,^^ 

§'6.  Occurrence  of  beds  derived  from  the  debris  of  alder 

rocks  among^  those  more  recenti — §  7.  Considerations  on  the 

^   change  uf  level  indicated  by  preceding  phcenomena^  andin^^ 

,  duetioe  enumeration  of  the  possible  hypotheses  on  that  sub-4 

Jed. — §  8.  Phcenomena  and  origin  of  trap  rocky  with  a  sketch 

'   vf  ^le  volcanic  question, — §  9.  Wernerian  theory  on  some  of 

the  above  points  compared  with  the  actual  phcenomena. — §  10. 

Phcenomena  of  valUes,  with  an  explanation  of  the  theory  of 

denudtdion. — 4  H*  Phcenomena  of  diluvial  graoeU — §  12. 

Changes  still  carried  on  by  existing  causes. — §  13.  Sketch  of 

the  progress  of  Geology  and  the  physical  allusions  of  the 

inspired  writings. 

SiKCE  the  present  Tolume,  offering  itself  only  in  the  character 
of  an  elementary  work,  may  very  probably  find  its  way  into  the 
hands  of  many  who  as  yet  possess  but  an  imperfect  and  vague 
idea  of  the  general  objects  of  the  science  to  which  it  relates^ 
tome  introductory^  notice  of  the  scope  and  design  of  the  en« 
quiries  which  it  is  here  proposed  to  prosecute,^  appears  to  be 
requisite  ;  and  in  order  to  supply  this  deficiency,  the  following 
preliminary  remarks  have  been  thrown  together.  In  thua 
endeavouring  ixi  sketch  the  general  bearings  of  the  phcenomena 
vhich  it  is  the  business  of  every  geological  treatise  to  illustrate, 
the  most  simple  and  natural  method  will  be  to  trace  those 
phcenomena  in  the  order  in  which  they  would  present  them- 
selves  to  th^  consideration  of  an  intelligent  observer  who  should 

•  ^y  the  Rev.  W.  D.  Conybeare. 
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study  for  himself^  with  the  eyes  of  an  original  discoverer,  this 
part  of  nature ;  for  io  following  the  steps  of  such  an  observer, 
the  reader  will  haye  no  difQculties  arising  from  the  assumption 
of  a  previous  acquaintance  with  the  subject  which  he  may  not 
possess,  to  surmount,  but  every  new  observation  will  arise  from 
those  which  have  preceded,  in  precisely  that  series  which  is 
best  calculated  tO' convey  elementary  information. 

§  1.  Geology  being  the  knowledge  of  the  Earth's  structure  as 
far  as  it  lies  open  to  our  observation,  the  fundamental  point  on 
which  it  rests,  is,  the  ascertaining  the  order  in  which  the  mate- 
rials* constituting  the  surface  of  our  planet  (for  beyond  this  our 
observation  cannot  penetrate)  are  disposed*  The  superficial 
and  hasty  observer  might  suppose  that  these  materials  are  scat- 
tered irregularly  over  the  surface  and  thrown  confusedly  to- 
gether, l^ttt  a  slight  degree  of  attention  will  prove  that  such  a 
eonclusion  would  be  entirely  erroneous. 

^  §  2.  If  we  suppose  an  intelligent  traveller  tajcing  his  departure 
from  our  metropolis,  to  make  from  that  point  several  successive 
joumies  to  various  parts  of  the  island,  for  instance  to  South 
Wales,  or  to  North  Wales,  or  to  Cumberland  or  io  Northum- 
berland, he  cannot  fail  to  notice  (if  he  pays  any  attention  to 
t)ie  physical  geography  of  the  country  through  which  faepasses) 

*  A  competeDt  knowledge  of  Mineralogy  is  required  to  instruct  the 
Ideological  student  in  the  nature  of  those  materials  as  considered  in  them- 
jiclves,  and  of  chemistry  to  enable  him  to  understand  their  constitution 
analytically  \  yet  the  number  of  mineral  masses  forming  rocks  of  usual 
occurrence  is  so  small,  and  the  composition  of  those  so  simple,  that  a  very 
limited  knowledge  of  these  sciences  is  sufficient  for  all  introductory  pur- 
poses, as  far  as  the  eeueral  outlines  of  Geology  are  concerned.  Siliceous, 
argillaceous,  and  calcareous  masses  (substances  with  which  every  one  is 
familiar  under  the  common  names  of  sand,  clay,  and  limestone)  constittite 
probably  nine-tenths  of  these  materials,  and  the  compound  rocks  forming 
the  remaining  tenth  consist  principally  of  only  four  minerals,  i^uartz,  fel- 
spar, mica,  and  hornblende.  These  great  massses  contain,  dispersed  in 
various  manners  through  them,  and  in  comparatively  small  quantities,  all 
the  other  substances  included  in  the  minend  kingdom ;  of  these  the  various 
ores  of  the  difierent  meuls  are  the  most  important ;-  the  geologist  must  of 
course^  as  be  proceeds  in  his  enquiries,  acquire  a  competent  knowledge  of 
9II  these  substances ;  but  this  knowledge  which  is  the  ultimate  object  of  the 
mere  mineralogist,  is  to  the  geoloeist  only  a  subordinate  acquisition,  and 
#t>rms  but  the  alphabtet  by  which  he  endeavours  to  decypher  the  part  of 
Bature  which  he  studies.  Hence  the  rarer  varieties  which  will,  in  the 
estimation  of  the  mineralogist,  posses  the  highest  interest,  will,  m  the  eyes^ 
of  the  geologist,  attract  the  least  regard.  On  this  principle  nearly  one-half 
6f  the  mineral  species  may  be  safely  n^Iected  in  beginning  a  course  of 
geology,  nor  is^  knowledge  of  more  than  100  species  essential  as  a  pre- 
liminary acquisition.  The  geologist  therefore  need,  not  be  alarmed  at  the 
^jtent  of  thii  alphabet  which  he  must  in  the  first  place  master:  any  common, 
treatise  on  mineralogy  will  prove  a  sufficient  euide  in  this,  provided  it  be 
accompanied  by  the  examination  of  a  tolerable  collection  of  specimens ; 
but  no  description  cah  possibly  supply  the  want  of  iactual  inspection. 
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tbat  before  he  arrifes  at  the  districts  in  which' coal  is  foutid^ 
lie  will  first  pass  a  tract  of  clay  and  sand;  then  another  oC 
chalk;  that  he  will  next  observe  numerous  quarries  of  the* 
caicareous  freestone  employed  in  architecture;  that  he  will; 
afterwards  pass  a  broad  zone  of  red  marly  sand  ;  and  beyond 
this  will  find  himself  in  the  midst  of  coal  mines  and  iron  fur-^ 
naces.  This  order  he  will  &id  to  be  inYariably  the  same,  which*- 
ever  of  the  routes  above  indicated  he  pursues ;  and  if  he- 
proceeds  further,  he  will  perceive  that  near  the  limits  of  the- 
coal-fields  he  will  generally  observe  hills  of  the  same  kind  of 
compact  limestone,  affording  grey  and  dark  marbles,  and 
abounding  in  mines  of  lead  and  zinc  ;  and  at  a  yet  greater  dis- 
tance, mountainous  tracts  in  which  roofing  slate  abounds,  and' 
the  mines  are  yet  more  valuable;  and  lastly,  he  will  often  find, 
surrounded  by  these  slaty  tracts,  central  groups  of  granitic: 
rocks. 

The  intelligent  enquirer^,  when  he  has  once  generalised  these- 
observations,  can  scarcely  fail  to  conclude  that,  such  €oinci*r 
denences  cannot  be  casual;  but  that  they  indicate  a  regular 
SQCcession  and  order  in  the  arrangement  of  the  mineral  masses 
constituting  the  Earth's  surface  ;  and  he  must  at  once  perceive^ 
that,  supposing  such  an  order  to  exist,  it  must  be  of  the  highest 
importance  to  (economical  as  well  as  scientific  objects,  to  trace 
and  ascertain  it. 

§  3.  If  with  these  views  he  is  led  to  investigate  the  subject 
still  further,  he  will  find  these  mineral  masses  disposed  for  the 
most  part  in  stratified  beds,  not  exactly  parallel  to  the  horizon, 
but  more  or  less  inclined  with  reference  to  that  plane ;  so  tliat 
the  edges  of  these  beds,  emerging  in  succession  from  beneath, 
each  other,  make  their  appearance  one  after  the  other  on  the- 
surface,  thus : 


This  emergence  is  called  the  outcrop  or  basset  of  the  strata. 
The  other  technical  terms  connected  with  this  disposition,  will" 
be  found  in  the  subjoined  note.* 

It  is  obvious  that  by  this  arrangement  a  much  greater  thick- 
ness of  strata  is  exposed  to  our  observation  than  could  have 
been  had  their  planes  preserved  an  horizontal  direction  ;  for  in. 

*  The  angle  of  inclination  between  these  planes  and  that  of  the  horizon, 
is  called  their  dip,  or  pitch;  the  strata  are  indifferently  said  to  dip  and, 

JHtch  from,  or  to  rise  towards  the  horizontal  plane — an  nonzontal  or  dead 
evel  line  drawn  along  the  plaaes  of  the  strata ;  or  in  other  words  their  in- 
terseaion  with  an  horisoutal  plan^  is  called  their  line  of  bearing  or  drift. 
hnt. 
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that -case  ohe  single  stratam  Would  haTe  covered'  the  ptanes  of 
a  medimn  eleyation  throughout  extensive  districts  (if  not  the 
whole  globe),  and  we  could  have  been  acquainted  with  those 
above  it  only  by  the  structufe  of  mountains  rising  above  that 
lievel,  and  with  those  beneath  it  only  l)y  the  natural  excavations^ 
of  the  vallies,  or  artificial  ones  of  wells  and  mines ;  but  by  the^ 
actual  arrangement,  the  beds  which  in  one  point  He  at  an  im- 
penetrable depth,  are  in  others  brought  up  to  the  surface,  and 
thus  become  subject  to  our  examination,  and  (which  is  much 
more  important)  yield  us  those  yarieus  mineral  products  which 
are  often  essential  to  the  most  necessary  of  human  arts. 

§  4.  When,  however,  the  observer  commences  his  attempt  to 
trace  more  in  the  detail  the  succession  of  these  mineral  bed« 
and  masses,  he  will  at  first  find  himself  perplexed  by  their 
almost  infinite  numbers ;  but  he  will  soon  discover  that  these 
individual  strata  are  arranged  together,  in  such  a  manneras  to 
aiford  natural  and  easy  grounds  for  classing  them  in  a  limited 
number  of  series,  each  series  comprehending*  numerous  indi- 

Beds  of  rock  are  occasioiudly  subject,  from  their  naechantcal  structure,  jbo 
split  into  smaller  laminae  Qot  parallel  to  the  plane  of  stratificatto9 ;  thus 


This  structure  18  called  the  cleavage  of  the  bed.  Where  only  part  of  a  bed 
is  exposed,  it  js  often  difficult  to  distinguish  the  lines  of  cleavage  from  the 
true  planes  of  stratification,  but  the  douot  may  be  cleared  by  observing  the 
lipper  and  under  surface  of  the  bed  at  the  line  of  its  junction  with  its  super- 
stratum and  substratum,  especially  if  these  be  of  a  different  substance;  for 
instance,  if  the  bed  exhibiting  the  cleavage  6  be  calcareous,  and  the  beds 
above  and  below  it  a  and  c  argillaceous ;  for  then  there  can  be  no  question . 
but  that  these  dissimilar  beds  are  the  true  strata,  and  that  the  lines  not 
parallel  to  them  are  merely  lines  of  cleavage. 

The  law  of  stratification  j  as  above  stated,  extends  to  all  the  roc)cs  and 
mineral  masses  forming  the  Earth's  surface,  excepting  perhaps  the  rocks 
of  the  granitic  class  (which  genei  ally  form  the  lowest  rocks  with  which  we 
are  acquainted),  and  those  of  the  trap  family,  which  are  irregularly  inter- 
posed throughout  all  the  other  formations;  but  these  are  points  upon  which 
It  would  be  premature  now  to  enlarge. 

Although  all  the  rock-masses  occur  forming  strata,  yet  many  of  the  mi- 
nerals employed  in  the  arts  of  life  do  not  constitute  the  entire  substance  of 
such  beds,  but  are  disposed  in  lines  irregularly  traversing  them ;  such  lines 
are  called  veins,  and  have  the  appearance  of  having  originally  been  open 
cracks  or  fissures  ranging  across  the  beds,  subsequently  filled  up  by  the  mi- 
neral substances  they  contain.  Most  metals  are  found  in  veins  of  tnis  kind ; 
if  the  direction  of  the  vein  approaches  to  a  vertical  plane  it  is  called  a  rate 
vein,  if  to  the  horizontal  2i/ii/u  or  fat  vein ;  its  angie  of  inclination  is  called 
the  Me  of  the  vein. 
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i4iil«ial  «trtta  naturally  ilKed  and  associated  fogetlier.  T<^ 
esplain  this  by  an  extflnple  :  if  Derbyshire  be  the  cmmtry  under 
«xainiD»ti<ni,  he  will  find  a  series  of  twenty  or  more  alternations 
^  beds  of  coal,  simdstone,  and  slaty  clay,  repeated  over  and 
over;  and  beneath  these  beds  a  like  aftemation  of  limestone 
strata  with  bed&of  the  rock  called  toadstone.  Here,  then,  all 
the  individual  beds  at  once  resolve  themselves  into  two  com* 
prebensive  series-^the  upper  containing  coal,  the  lower  lime- 
stone 5  each  series  being  characterised  by  the  repetition  of  its 
own  peculiar  members.  Such  series  are  called  Formations; 
and  by  the  aid  of  these  general  relations,  the  unmanageable 
i^umber  of  the  individual  strata  is  readily  reduced  within  con- 
▼entent  limits ;  and  this  division  must  appear  perfectly  natural, 
inasmuch  as  the  beds  composing  each  formation,  being  identidai 
in  character,  muet  have  resnltcd  from  the  same  order  of  causes. 
Still  further,  by  comparing  several  of  those  formatkms  to- 
gether, a  resemblance  of  relations  and  an  association  in  position 
M' ill  be  observed  between  many  of  these  also,  which  will  lead 
to  a  still  greater  simplification  by  the  introduction  of  a  smaller 
Qumber  of  yet  more  comprehensive  classes* 
,  Of  these  more  comprehensive  classes,  five  will  perhaps  be 
sufficient ;  the  first  or  upper  series  will  comprehend  the  beds 
of  sand  and  clay  which  repose  upon,  and  partially  cover  the 
great  and  conspicuous  formation  of  chalk.  The  second  class  is 
of  a  less  uniform  character,  and  comprehends  many  formations- 
hi  some  respects  dissimilar,  which  yet  possess  many  common 
relations,  and  which  the  fccir  of  constituting  too  large  a  number 
of  general  classes  forbids  us  to  separate  ;  yet  four  subdivisioua 
of  it  require  enumeration;  1st.  the  chalk  formation;  2nd.  a 
series  of  9£mds  and  clays  beneath  the  chalk ;  3rd.  a  series  of' 
calcareous  freestones  (such  as  the  Portland  and  Bath  stones) 
and  clays;  4th.  beds  of  red  marie  and  sandstone  containing 
occasionally  alabaster  and  rock  salt.  The  third  general  class, 
comprises  the  beds  affording  coal,  and  the  limestones  and  sand^ 
stones  on  which  these  repose.  The  fifth  class  is  characterised 
by  the  prevalence  of  common  roofing  and  writing  slates.  The 
ffixth,  and  lowest,  by  that  of  some  finer  varieties  of  slate  and 
granite.  These  divisions  are  the  same  with  thifse  generally 
recognised  by  geological  writers,  excepting  that  the  third  is  by 
some  combined  with  the  second,  by  others  with  the  fourth; 
but  all  geological  analogies  and  relations  are  grossly  violated  by 
the  former  of  these  methods;  and  though  the  latter  is  less  open 
to  objection,  yet  we  shall  best  consult  that  convenience  to  the 
s.tudei2t  which  it  is  the  great  object  of  all  such  arrangements  to 
promote,  by  assigning  .to  so  important  a  series  a  distinct  placa 
in  the  general  syst«m»  Different  writers  ha«te  assigned  differont* 
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names  to.  these  classes^  for  the  most  part  borrowed  from  tli^'- 
retical  vlews^  or  conveying  descriptive  ideas  which  are  far  from, 
being  universally  applicable :  in  order  to  aroid  these  objections, 
we  haye  taken  the  terms  by  which  they  are  designated  in  the 
present  work,  from  the  unquestionable  fact  of  their  relative 
position.  Regarding  the  third,  or  carboniferous  series,  as  the 
middle  group,  we  have  assigned  the  term  sup^rmedial  to  the 
second  series,  as  being  next  above  it,  and  submedial  to  the  fourth 
as  being  next  below  it.  To  the  highest  and  lowest  series,  the 
terms  superior  and  inferior,  which  require  no  commentary, 
have  been  applied.  The  reasons  which  have  guided  us  in  the: 
details  of  this  arrangement,  will  be  found  fully  stated  in  the 
introductory  chapters  of  the  several  books,  and  it  would  at  pre* 
sent  be  premature  to  enlarge  upon  them ;  a  comparative  view 
of  this  arnuigement,  and  that  of  other  writers,  will  be  seen  in 
the  subjoined  note.* 

*  The  most  |;eiieral  relation  under  which  the  various  formations  present 
themselves,  is  that  whence  they  have  been  denominated /nW/iW  Sini  seeond' 
aryi  the  former  comprising  the  lowest  series  of  rocks,  which  serve  as 
the  fundamental  basis  upon  which  the  rest  repose,  never  contaim'ng  any 
traces  of  organised  beings  (i.  e.  animals  or  vegetables)  imbedded  in  them, 
and  being  entirely  of  a  chemical  composition :  these  therefore,  it  was  in«> 
f erred,  constituted  the  materials  of  the  Earth's  surface  at  its  first  formation^ 
while  on  the  other  hand  the  series  which  covered  them  were  observed  to 
contain,  often  in  great  abundance,  the  imbedded  remains  of  the  vegetable 
and  animal  kingdoms,  and  to  be  often  also  made  up  of  fragments  apparently* 
torn  by  sQme  convulsion  from  the  primitive  rocks  and  cemented  again  to* 
gether  under  a  new  form;  these  therefore  were  necessarily  considered  as  of 
subsequent  and  secondary  origin.  This  distinction  was  nrst  perceived  by 
Lehman  (about  the  year  1759),  and  made  the  basis  of  his  system.  In  its 
principles  it  is  philosophical  and  just,  but  does  not  carry  the  subdivision' 
far  enough  for  practical  purposes,  leaving  all  the  secondary  rocks  under  a* 
single  class.  Werner,  observing  that  between. the  primitive  rocks  and^ 
those  which  exhibited  the  characters  of  the  secondaiy  class  in  the  most 
striking  manner,  a  series  of  intermediate  character  (containing  compara- 
tively few  organic  remains  and  approaching  more  nearly  to  the  chemical' 
structure  of  the  primitive  than  the  mechanical  of  the  secondary  rocks)  in-, 
tervened,  introduced  the  title  transitiom  roch^  as  descriptive  of  this  interme-. 
diate  series ;  and  a  similar  idea  appears  to  have  occurred  perhaps  yet  earlier 
to  Rouelle  in  France,  who  applies  to  it  the  designation  *  travaille  interme- 
diate.* As  these  so-called  transition  rocks  were  of  course  taken  from  those' 
which,  strictly  speaking,  belonged  to  the  secondary  class,  the  introduction 
of  this  class  made  it  necessary  to  abandon  that  term.  Werner  accordingly 
employed  in  its  stead,  for  the  rocks  reposing  on  his  transition  series,  the 
term  Jtgtx  roch,  derived  from  the  belief  that  they  generally  were  stratified' 
in  planes  nearly  horizontal,  while  those  of  the  older  strata  were  inclined  to 
the  horizon  in  considerable  angles.  But  this  holds  j^ood  only  with  regard > 
to  the  structure  of  countries  comparatively  low:  m  the  Jura  chain,  the 
borders  of  the  Alps  and  Pyrenees,  Wemer*s  fioetz  formations  arc  highly  in- 
clined :  should  we  therefore  persist  in  the  use  of  this  term,  we  tnjut  pre^ 
pare  ourselves  to  speak  of  vertical  beds  of  ^oetz  (t.  e.  horizontal)  limc9tone, 
^.    A»  the  enquiries  of  g€ologist»  es^ciKled  the  knowledge  of  the  varioua 
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§  5.  Thus  fafr  we  Wppose  the  obsenrer  to  tuve  been  cbiefly  ee- 
capied  in  coosidering  the  character  of  the  rocks  as  the/ are  in 
themselves,  and  developing  their  arrangement  with  a  view  to 

fimn^itiMii,  Werner  or  his  disciples  found  it  necessary  to  subdiTide  the 
bulky  clas^  of  floetz  rocks  into  noetz  and  newest  floetz,  thus  completing  a 
fourtoM  enumeration:  other  writers^  adopting  the  transition  class,  have 
yet  retained  the  term  secondary  as  applied  to  the  fleets  rock)  of  Werner^ 
but  this  nomenclature  lies  open  to  the  heavy  objection  sdready  indicated, 
namehr,  that  the  term  secondary,  being  opposed  to  primitive  only,  ought 
to  include  all  rocks  not  of  that  class,  ana  of  course  the  transition  order 
among  the  rest.  These  writers  have  bestowed  the  name  tertiary  on  the 
newest  floetz  class  of  the  Wernerians.  A  synoptical  and  comparative  view 
of  the  arrangement  proposed  in  the  present  work  and  those  of  former 
■writers  is  subjoined. 


Character. 

Proposed  names. 

Other  writers. 

1.  Formations  (chiefly 
,    oftani^clai/)abovi 
.    theckalk. 

Superior  order. 

Newest  floetz  cbss 

Tertiary  class. 

2.  Comprising 

■.^-    h.  sands  &  clays 

keneath  the  chalk 

.  #.  calcareous  free- 

'           stones  {ooUies), 
&  argillaceous 
beds. 
eL   New  red  sand- 
stone,    eonglomf 
rate   &   magrte' 
Stan  limestone. 

Supermedtal  order. 

Floetz  class. 

Secondary  class. 

S.  Carboniferous 
rocks,  comprising 
a,  Coal'measures, 
k.  Carboniferous 

limestone, 
€,  Old  red  sandstone 

Medial  order. 

Sometimes  referred  to  the  preced- 
ing sometimes  to  the  succeeding 
class  by  writers  of  these  schools; 
very  often  the  coal-measures  are 
referred  to  the  former — the  sub- 
jacent limestone  and  sandstone  to 
the  latter. 

4.JboJingslate^\^c,\^c, 

Submedial  order. 

Transition  class. 

Intermediate  class 

5,  Miea  slate. 
Gneiss, 
Gramte,lifc. 

Inferior  order. 

Primitive  class. 

Primitive  class. 

]^  In  all  these  formations,  from  the  lowest  to  the  hijgrhest,  we  find  a  repeti- 
tion of  rocks  and  beds  of  similar  chemical  composition,  i.  e.  siliceous,  ar- 
gillaceous, and  calcareous,  but  with  a  considerable  difference  in  texture, 
those  in  the  lowest  formations  being  compact  and  often  crysralline,  while  - 
those  in  the  highest  and  most  recent  are  loose  and  earthy.    These  rcpeti-* 
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aseertaki'  the  ^aet 'disposition  of  tke  minerftl  materials  they 
afibri);  bat  a  circumstaace  cannot  fail  tO'bfu^e  struck  him  during 
the  course  of  his  researches  which  opens  to  his  i^iew  a  far  more 
extensive  and  interesting  field  of  enquiry  with  regard  to  the 
nilations  of  these  rockb  to  the  general  revolutions  of  nature;  fo^ 
he  will  have  found  in  many  of  these  beds  spoils  of  the  vegetable 
and  animal  kingdom  imbedded,  particularly  the  remains  of 
marine  zoophytes  and  shells,  and  often  in  such  abundance  as 
to  constitute  nearly  the  entire  mass  of  particular  strata.  If 
he  is  led  by  the  interest  thus  excited  to  examine  more  closely 
the  phoenomena  attending  the  distribution  of  these  remains,  he 
will  find  them  asi  remarkable  in  the  detail  as  they  are  striking 
in  a  general  point  of  view.  In  some  countries  he  will  perceive 
that  uone^of  these  remains^  occur  (fcnr  instance  in  Cornwall  and 
the  Scotch  highlands),  in  others  (as  in  the  south-eastern  coun- 
ties of  England)  not  a  well  can  be  sunk,,  or  pit  opened,  without 
presenting  them  in  abundance ;  and  pursuing  the  enquiry,  he 
will  arrive  at  the  conclusion  that  the  lowest  series  of  rocks, 
which  have  therefore  been  considered  as  primitive,  are  entirely/ 
destitute  of  those  remains.*  That  the  next  contains  them 
sparingly,  while  they  abound  in  the  three  succeeding  series, 
although  not  without  the  occasional  interposition  of  beds  in 

tions,  form  what  the  Weroerians  call  formation  suites.  We  may  mention 
1st,  the  limestone  suite  ;  this  exhibits,  in  the  inferior  or  primitive  order, 
crystalline  marbles ;  in  the  two  next,  or  transition  and  carboniferous  orders, 
compact  and  subcrystaliine  limestones  (Derbyshire  limestone) ;  in  thp  su- 
permedial  or  floetz  order,  less  compact  limestone  (Has),  calcareous  freestone 
(Portland  and  Batkstone),  and  chsdk ;  in  the  superior  or  newest  flcetz  order, 
loose  earthy  limestones 

2d*  The  argillaceous  suite  presents  the  following  gradations ;  clay-slate, 
ahale  of  the  coal-measures,  shale  of  the  lias,  clays  alternating  in  the  oolite 
series,  and  that  of  the  sand  beneath  the  chalk;  and  lasdy,  days  above  the 
chalk. 

S.  The  siliceous  suite  may  (since  many  of  the  sandstones  of  which  it  con- 
sists present  evident  traces  of  felspar  and  abundance  of  mica,  as  well  as 
grains  of  quartz,  and  since  mica  is  more  or  less  present  in  every  bed  of  sand) 
perhaps  deserve  to  have  eranite  placed  at  its  head,  as  its  several  members 
may  possibly  have  been  derived  from  the  detritus  of  that  rock;  it  may  be 
continued  thus;  quartz  rock  and  transition  sandstone,  old  red  sandstone, 
miUstone-grit  and  coal-erits,  aew  red  sandstone,  sand  and  sandstone  beneath* 
Uie  chalk,  sand  above  the  chalk.  In  all  these  instances  a  regular  diminution 
iu  the  degree  of  consolidation  may  be  perceived  in  ascendmg  the  series. 

*  Some  appearances  of  org[anic  remains  have  indeed  been  said  to  hiive 
be«a  observed  amcmg  primitive  rocks,  but  they  may  very  possibly  have 
been  deceptive ;  the  only  observation  of  this  kind  which  requires  notice  is 
one  of  Dr.  Mac  CuUochs;  that  most  accurate  geologist  describes  a  bed  of 
gryphite  lim^istone  as  underlying  gneiss  in  one  of  the  Hebrides ;  but  when 
the  extreme  contortions  of  tne  strata  of  gneifts,  a»  figured  by  himielf,  are 
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which  ihey  are  still  rar^  if  not  altogether  wanting.  In  the 
examination  of  these  interesting  remains,  he  must  call  the  sei« 
ence  of  the  zoologist  and  botanist  to  his  aid,  and  thus  he  will 
discover  that  a  great  part  of  the  genera,  and  a  yast  majority  of 
the  species,  are  entirely  different  from  the  animals  and  plants 
with  which  we  are  at  present  acquainted,  as  coTering  the  face 
of  the  earth  or  occupying  its  waters.*    Hence  geology  presents 

taken  into  account,  it  will  be  obvious  that  in  consequence  of  the  flexures 
by  which  they  are  often  bent  backwards,  a  bed' really  superior  in  its  general 
position,  may  appear  to  be  inferior  in  partial  obseryationt ;  Uuis  let  a  «  «  br 


the  contorted  substratum  of  gneiss,  and  B  c  J  e  an  incumbent  bed  of  gry^ 
phite  limestone  following  its  flexures;  it  is  clear  that  if  this  bed  be  visible 
only  at  the  point  </,  it  will  appear  to  underlie  the  gneiss.  A  comparison 
witn  Dr.  Mac  Culloch's  figures  referred  to,  will  shew  that  these  contortions 
are  not  exaggerated. 

*  In  speaking  of  the  difference  between  recent  s^nd  fossil  species,  it  be^ 

€U>mes  us  to  be  cautious  in  pronouncing  that  the  latter  do  not  at  present 

exut  because  we  are  not  acquainted  with  them  in  a  recent  state,  and  this 

caution  is  still  more  necessary  with  re^^ard  to  those  genera  which  the  "  dark 

tinfathom'd  caves  of  ocean"  may  possibly  conceal  in  their  recesses :  we  must 

remember  that  we  were  long  acquainted  with  the  encrinites,  terebratulae, 

and  trigonis  in  a  fossil  state,  before  the  analogous  beings  in  a  recent  state 

had  found  their  way  to  our  collections  ;^  yet  the  general  facts  seem  too  strong 

to  be  entirely  thus  accounted  for.    With  the  exception  of  those  contained 

in  the  most  recent  beds  (the  crag)  only,  nine  out  of  ten  fossil  shells  belong 

to  species  decidedly  dinerent  from  any  known  to  exist.     The  family  of 

ammonites,  for  instance,  contains  more  than  two. hundred  fossil  species  ac^* 

cording  to  many  authors,  and  it  does  not  seem  possible  to  reduce  this  esti:- 

mate  above  one  half;  yet  of  all  these  not  one  is  known  recent,  and  the  only 

recent  species  of  the  whole  genus  is  a  very  minute  shell;  yet  the  fossil 

species  sometimes  measure  three  feet  in  diameter.    Is  it  probable  that  a 

genus  so  numerous,  and  liaving  species  of  such  large  size,  can  have  beeci 

overlooked,  especially  as  they  are  furnished  with  an  apparatus  whose  use 

was  evidently  to  give  them  buoyancy,  like  their  allied  family  the  nautilus  i 

so  that  it  is  not  likely  they  can  remain  concealed  from  inhabiting  deep 

remarks  will  apply  to  the  belemnites,  of  wmch  no 

It  would  not  be  possible  to  point  out  the  main 

more  striking  manner,  than  by  referring  an  ob* 

7ith  recent  conchology,  to  the  shells  contained  in 

ne  of  Derbyshire;  he  would  at  once  recognise  the 

nblance :  tne  difference  also  which  we  shall  shortly 

in  the  different  formations,  afford)  a  strong  cor* 
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to  the  comparatire  anatomist  aud  botanist,  but  particularly  tor 
the  former,  a  rich  fund  of  new  materials,  and  adds  to  the 
several  departments  of  natural  history  supplements,  the  know*^ 
ledge  of  which  is  indispensable  to  complete  our  views  of  them  :> 
indeed,  in  many  instances,  important  peculiarities  of  organi- 
sation, and  remarkable  links  in  the  chain  of  animated  beingsk 
are  presented  in  these  fossil  remains,  and  many  chasms  which, 
must  otherwise  have  existed,  are  filled  up  in  a  satisfactory 
ijianner*  , 

But  the  principal  concern  of  the  geologist  is  with  the  manner' 
in  which  these  remains  are  distributed  in  the  strata  forming  the 
present  crust  of  the  earth ;  we  have  before  noticed  that  they 
are  confined  to  the  secondary  formations,  and  have  now  to  add 
that  they  are  not  irregularly  dispersed  throughout  the  whole 
series  of  these  formations,  but  disposed  as  it  were  in  families, 
each  formation  containing  an  association  of  species  peculiar  in 
many  instances  to  itself,  widely  differing  from  those  of  other 
formations,  and  accompanying  it  throughout  its  whole  cpurse ; 
so  that  at  two  distinct  points  on  the  line  of  the  same  formation, 
we  are  sufe  of  meeting  the  same  general  assemblage  of  fossil? 
remains.  It  will  serve  to  exemplify  the  laws  which  have  been 
stated,  if  the  observer's  attention  is  directed  to  two  of  the  most; 
prominent  formations  of  this  island;  namely,  the  chalk,  and  the. 
limestone  which  underlies  the  coal  in  Northumberland,  Derby- 
shire^ South  Wales,  and  Somerset.  Now,  if  he  examines  a 
collection  of  fossils  from  the  chalk  of  Flamborough  head  of 
from  that  of  Dover  cliffs,  or,  it  may  be  added,  from  Poland  or. 
Paris^  he  will  find  eight  or  nine  species  oat  of  ten  the  same  ;- 

roboralive  presumption  that  they  are,  a  fortiori^  different  from  those  of  the 
present  oc&an.  The  nearest  approach  to  recent  species  appears  to  exist  in 
some  of  the  coralline  and  madreporal  remains ;  but  these  classes  have  not' 
as  yet  undergone  an  examination  sufficiently  rigorous,  either  in  a  recent  or 
fossil  state,  to  enable  us  to  pronounce  with  certainty. 

The  remains  of  marine  oviparous  quadrupeds  (Ichthyosaurus,  Plesiosaurus, 
Maestricht  animal,  &c.)  are  referable  to  new  genera  widely  different  from' 
any  thing  with  which  we  are  acquainted,  and  the  fossil  species  of  crocodile 
are  strongly  distinguished  from  the  recent.  These  enormous  and  singular; 
animals  (sometimes  almost  rivalling  the  whale  in  size)  which  must  often' 
come  to  the  surface  to  breathe,  cannot  surely  have  eluded  the  observation  of 
all  our  voyagers.  The  laiid  quadrupeds  found  in  some  of  the  most  recent' 
strata,  and  many  of  those  even  mingled  in  the  diluvial  detritus  with  the' 
bones  of  animals  still  existing  in  the  same  countries,  are  often  of  genera; 
widely  distinct  from  any  with  which  we  are  acquainted  (e.  g.  Paloeotherium, 
Megatherium,  Mastodon,  &c.)  or  of  distinct  species,  as  the  fossil  bear,  rhi- 
noceros, and  elephant ;  and  M.  Cuvier  has  shewn  at  large  the  little  proba- 
bility there  is  that  any  of  them  exist  in  an  unknown  condition.  It  must  be 
careruUy  remembered  that  an  accurate  and  rigorous  knowledge  of  Zoology 
is  requisite  in  apy  one  who  ventures  to  discuss  this  subject;  a  superficial^ 
acquaintance  witn  it  can  only  lead  into  confusion  and  error.  ' 
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he  will  obfierT^  the  same  ecfainites  associaited  witli  the  name 
shells ;  nearly  half  these  echinites  he  will  perceive  belong  to 
di^hions  of  that  family  unknown  in  a  recent  state,  and  indeed 
in  any  other  fossil  bed  except  the  chalk.  If  he  ne^t  proceeds 
^o  inspect  parcels  of  fossils  from  the  carboniferous  limestcme^ 
from  whicheyer  of  the  above  localities  they  may  have  been 
brought,  he  will  find  them  to  agree  in  the  same  manner  with 
each  other;  that  is,  he  will  find  the  same  corals,  the  same 
encrinites,*  the  same  prodnctae,  terebratulae,  spiriferae,  &c.; 
but  if  he  lastly  compares  the  collection  from  the  chalk  with 
that  from  the  mountain  lime,  he  will  not  find  one  single  in- 
stance, of  specific  agi^eement,  Mid  in  very  few  instances  any 
thing  that  would  even  deceive  an  unpractised  eye  by  the  super- 
ficial resemblance  of  such  an  agreement. 

The  difiference  between  these  distant  formations,  in  this 
respect,  is  indeed  much  greater  than  that  between  those  which 
are  more  nearly  contiguous ;  but  still  even  between  these,  there 
are  generally  considerable,  though  less  striking  distinctions,  as 
to  the  species  of  organic  remains  contained. 

If  we  cast  a  rapid  view  oyer  the  phoenomena  of  this  distribu** 
iion,  the  subject  must  appear  to  present  some  of  the  most  sin- 
gular problems  which  can  engage  the  attention  of  the  enquirer 
into-  nature ;  first,  we  have  a  foundation  of  primitive  rocks  des- 
titute of  these  remaitis;  in  the  next  succeeding  series  (that  of 
transition)  corals,  encrinites,  and  testacea,  different  however 
from  those  now  known,  appear  at  first  sparingly;  the  fossil 
remains  of  the  carboniferous  limestone  are  nearly  of  the  samje 
nature  with  those  in  the  transition  rocks,  but  more  abundant ; 
the  coal-measures,  however,  themselves,  which  repose  on  this 
limestone,  scarcely  present  a  single  shell  or  coral ;  but  on  the 
contrary  abound  with  vegetable  remains,  ferhs,  flags,  reeds  of 
unknown  species,  and  large  trunks  of  succulent  plants,  strangers 
to.  the  present  globe.  Upon  the  coal  rest  beds  again  containing 
marine  remains  (the  magnesian  limestone)  ;  then  a  l<mg  inter- 
vW  (of  new  red  sandstone)  intervenes,  destitute  almost,  if  not 
entirely,  of  organic  remains,  preparing  as  it  were  the.  way  fo^ 
a  new  order  of  things.  .  This  order  commences  in  the  lias9>and 
is  continued  in  the  oolites,  green  and  iron  sands,  and  chalki 
■All  these  beds  contain  corals,  encrinites,  echinites,  testacea^ 
Crustacea,  vertebral  fishes,  and  marine  oviparous  quadrupeds, 
yet  widely  distinguished  from  the  families  contained  in  the 
lower  beds  of  the  transition  and  carboniferous  class,  and  par- 

*  Of  that  important  division  of  the  encrinital  family,  Crinoidea  inarti* 
ci)1ata  of  Miller,  which  appears,  confined  to  the  older  rocks,  i.  c.  carbonic 
ferous  and  transition  limestone,  as  are  the  Crinoidea  articulata  to  the  mor^ 
recent  lias,  oolite,  chalk,  6cc.  • 
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tiallj  clistiitgaislied  amoDg  themselyes  according  to  the  bed 
w^ich  thej  occupy.  Hitherto  the  remains  are  always  petri« 
fied^  (if  e.  irnpregoated  with  the  mineral  substance  in  which 
they  are  imbedded ;  but  lastly,  in  the  strata  which  cover  the 
chalk  we  £nd  the  shells  merely  preserved,  and  in  such  a  state^ 
that  when  the  clay  or  sand  in  which  they  lie  is  washed  off, 
they  might  appear  to  be  recent,  had  they  not  lost  their  colour, 
and  become  more  brittle.  Here  we  find  beds  of  marine  shells 
alternating  with  others  peculiar  to  fresh  water ;  so  that  they 
seem  to  }^ave  been  deposited  by  reciprocating  inundations  of 
fresh  and  salt  water.  In  the  highest  of  the  regular  strata, 
the  crag,   we  at  length  find  an  identity  with  ^e  shells  at 

*  It  would  afford  an  interesting  subject  of  enquiry  to  trace  the  variout 
changes  which  organist  substai^ces  have  undergone  in  consequepce  of  this 
inhumation.  Bones  have  generally  lost  their  phosphoric  acid  and  gelatin^ 
if  in  rejg:nlar  strata,  and  have  their  spongy  texture  impregnated  with  the 
matrix  m  which  they  lie,  limestone,  clay,  and  iron  pyrites;  one  instance 
pf  a  bone  penetrated  by  silex  has  occurred  to  the  author,  on  the  beach  at 
Reculver.  The  calcareous  substance  of  shells,  echinites,  encrinites,  cora)s» 
&c.  in  its  slightest  change  seems  only  to  have  lost  its  colouring  matter  and 
gelatine;  next  they  become  impregnated  with  the  mineral  matrix  in  which 
they  lie,  especially  if  that  matrix  be  calcareous ;  hence  they  become  much 
^ore  compact ;  often  at  the  same  time  their  original  calcareous  matter  un« 
dergoes  a  change  of  internal  structure,  assupiing  a  prystaliine  form,  and  in 
^ome  ca^es,  viz .  asteriae,  encrinites,  and  echinites.  a  calcareous  spar  of  very 
peculiar  character  results,  of  an  opaque  cream  colour :  it  would  be  desirable 
to  ascertain  the  circumstances  in  the  original  texture  of  these  three  families^ 
whence  this  uniformity  in  the  spathose  structure  of  their  remains  arises ; 
often  the  original  matter  of  th^  sheU  has  entirely  disappeared,  leaving  a 
Vacant  cavity.  It  is  a  curious  question  what  menstruum  can  havf  dissolved 
the  shell  when  buried  in  a  calcareous  matrix  which  must  have  been  eoually 
liable  to  be  attacked  by  any  agent  which  could  have  attacked  the  shell,  and 
no  less  so  to  apcount  for  the  hollow  casts  in  solid  nodules  of  flint  or  blocks 
<pf  chert,  completely  environing  these  casts  on  all  sides.  In  this  ^^  how 
did  the  testaceous  matter  which  has  disappeared  escape  from  its  apparently 
close  j>rison  ?  The  space  left  by  these  hollow  casts  has  often  been  filled  up 
by  an  infiltration  of  some  new  substance,  e.  g.  chalcedony  which  thus  forms 
a  model  of  the  original  shell ;  the  chalcedony  is  generally  disposed  in  those 
concentric  fings  which  mark  the  stalactitic  variety:  this  is  generally 
the  state  of  the  fossils  in  the  green  sand  of  Blapkdown,  which  are  chaU 
cedonic  substitutions  in  place  of  the  original  shell,  and  are  exquisitely 
beautiful.  A  similar  substitution  of  chalcedony  for  the  original  matter  of 
the  shells  imbedded  ip  the  lias  of  St.  Donats,  Glamorganshire,  is  much  less 
easily  accounted  fpr  as  the  matrix  itself  is  there  not  sificeous  but  calcareous. 
In  many  of  these  instances  some  singular  play  of  Unities,  an^  the  removal 
of  the  original  substance  in  a  sute  of  solutioi^  through  the  pores  of  the  sur- 
rounding rocks,  must  have  taken  place  in  the  laboratories  of  nature  in  a 
manner  whiph  ov^  own  imperfect  chemistry  is  scarcely  competent  to  ex«> 
plain.  It  is  much  to  be  desired  that  Dr.  Mac  Culloch,  or  some  writer  pos- 
sessing his  accurate  chemical  knowledge  and  precision  of  thought,  would 
undertake  a  full  investigation  of  the  phcsnomena  here  alluded  to. 

Some  remarks  on  the  changes  undergone  by  vegetable  remains  will  bf 
found  in  the  first  chapter  of  the  book  on  the  cs^rboniferous  strata. 
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present  existing  on  the  same  coast ;  and  lastly,  orer  all  these 
strata,  indiscriminately,  there  is  spread  a  covering  of  gravel 
^seemingly  formed  by  the  action  of  a  delnge  vrhich.  haa  de- 
tached and  rounded  by  attrition  fragments  of  the  rocks  over 
Tvhich  it  swept)  containing  the  remains  of  numerous  land  quad- 
rupeds,  many  of  them  of  unknown  genera  or  species  (the  mas- 
todon and  the  fossil  species  of  elephant  or  mammoth,  bear^ 
rhinoceros,  and  elk)  mingled  with  others  equally  strangers  to 
the  climates  where  they  are  now  found  (hyaenas,  &c.),  yet  as« 
sociated  with  many  at  present  occupying  the  same  countries.* 

The  lists  of  organic  remains  given  in  the  present  work,  may^ 
it  is  hoped,  promote  this  important  branch  of  geological  en^ 
quiry ;  which,  notwitfastandmg  the  rapid  advances  lately  made 
in  it,  can  as  yet  only  be  considered  in  a  state  of  progressiva 
improvement ;  indeed,  when  it  is  remembered  that  it  requires 
all  the  resources  of  a  perfect  acquaintance  with  many  depart- 
ments of  Zoology,  and  those  especially  which  are  as  yet  least 
understood  (namely,  the  history  of  invertebral  animals),  we 
have  rather  reason  to  be  surprised  that  so  much  has  been 
accomplished,  rather  than  that  much  still  remains  to  be  done ; 
and  enough  has  been  said  to  demonstrate  that  it  is  a  subject 
which  can  be  treated  with  advantage  only  by  those  who  bring 
to  it  a  matured  and  precise  knowledge  of  the  branches  of  natu- 
ral history  with  which  it  is  connected,  a  remark  extorted  by 
the  flippant  manner  in  which  some  writers  have  treated  cpn- 

«  The  general  laws  of  the  distribution  of  organic  remains  which  have 
been  above  stated,  are  chiefly  derived  from  the  structure  of  England,  the 
only  country  which  has  been  accurately  examined  in  this  respect.  Von 
^hiotheim*s  materials  as  to  Germany  are  greatly  deficient  in  the  precisioh 
which  is  so  essentially  requisite  both  as  to  zoological  and  geok)gical  details  ; 
indeed  that  ingenious  author  can  only  consider  them  as  an  hasty  sketch, 
fimith  has  puDlished  a  useful  stratigraphical  arrangement  of  English  fossils, 
in  the  preface  to  which  he  pointedly  observes,  that  the  various  species  of 
fossil  shells  may  be  found  with  nearly  as  much  readiness  and  certainty  in 
the  natural  strata,  as  in  the  drawers  of  a  well  arranged  cabinet. 

It  is  to  be  regretted  that  we  have  as  yet  no  means  of  ascertaining  whether 
a  similar  succession  of  secondary  beds  takes  plac(e  in  very  distant  countries 
(America  for  instance),  and  whether  these  are  characterised  by  similar 
families  of  organic  remains  As  the  recent  animals  of  these  countries  are 
widely  different,  one  would  naturally  suppose  that  the  fossils  would  be 
different  also ;  yet  in  some  instances  we  have  reason  to  believe  that  this,  in 
th$  earlier  of  the  secondary  strata  at  least,  is  not  the  case,  for  the  most 
-extensively  diffused  assemblage  of  organic  remains  with  which  the  present 
author  is  acquainted,  is  that  which  characterises  the  transition  limestone ; 
namely,  the  chain  coral,  the  alveolaria,  soqie  peculiar  encri^ites,  several 
species  of  terebraliula  and  spirifer,  the  orthoceratite,  and  the  trilobite;  all 
of  these,  except  the  latter,  he  has  seen  from  the  Canadian  lakes,  many  from 
Melville  island;  and  all,  including  the  trilobite,  from  Sweden  and  the 
Islands  of  Gothland  and  Oeeland ;  uie  identity  of  remains  in  the  chalk  in 
very  distant  points  hat  been  already  noticed. 
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clasions,  the  premises  of  ivhtch  they  were  incompetent  it 
fcomprehend.* 

§  6.  Another  class  of  substances  imbedded  in  the  secondary 
strata,  and  throwing  light  on  the  convulsions  amidst  which  they 
have  been  formed,  are  the  pebbles  or  roMed  fragments  of  rocks, 
older  than  themselves,  which  they  are  often  found  to  contain ; 
thus  the  lower  beds  of  the  supermedial  order  (namely,  the 
conglomerate  rocks  of  the  new  red  sandstone)  contain  in  great 
abundance  rolled  fragments  of  the  carboniferous  Irmestone  be* 
longing  to  the  class  next  below  it  (the  medial  order),  as  well 
as  of  many  still  older  rocks ;  being  in  fact  only  a  consolidated 
mass  of  gravel,  composed  of  debris  of  these  rocks.f 

The  necessary  inferences  from  this  fact  are,  first,  the  rock 
whence  the  fragments  were  derived  must  have  been  consolida^ 
ted,  and  subsequently  to  that  contolidation  have  been  exposed 
to  the  mechanical  violence  (probably  the  action  of  agitated 
waters),  which  tore  from  it  these  masses  and  rounded  them  by 
attrition,  before  the  rock  in  which  these  fragments  are  now 
imbedded  was  formed ;  and  secondly,  since  loose  gravel  beds 
(and  such  must  have  been  the  original  form  of  these,  though 
now  consolidated  into  conglomerate  rocks)  cannot  be  accumu- 
lated to  any  extent  (from  the  action  of  gravity)  on  an  highly 
inclined  plane.  We  are  sure  when  we  find  such  beds,  as  w6 
often  do,  in  nearly  vertical  strata,  that  this  cannot  have  been 
their  original  position,  bat  Is  one  into  which  they  have  been 
forced  by  convulsions  which  have  dislocated  them  subsequently 
to  their  consolidation. 

*  The  present  writer  regrets  that  he  is  obliged  to  mention  the  hasty 
speculations  contained  in  a,Ge<^ogicaI  Survey  of  the  Yorkshire  coast  as  in 
some  degree  liable  to  this  censure.  The  descriptive  part  of  that  work 
merits  considerable  praise  as  a  valuable  and  interesting  contribution  to  the 
geological  branch  of  local  history ;  but  it  will  at  once  be  evident  to  those 
who  read  thfe  catalogue  Of  fossil  shells  there  given,  that  a  knowledge  of 
con'chology  is  not  thfe  authot^$  strongest  point>^and  equally  so  that  his  ideat 
of  geology  are  formed  only  from  the  •inspe'ction  of  a  very  limited  district. 
The  imperfect  acquaintance  with  his  subject  displayed  in  his  concluding 
part  may  readily  be  accounted  for ;  its  fiippancy  (see  particularly  page 
302)  is  less  easily  to  be  excused:  had  the  whole  of  the  third  part  of  this 
work  been  suppressed,  the  remainder,  like  the  books  of  the  Sibyl,  would 
have  acquired  a  much  higher  value, 

+  This  example  has  been  selected  because  it  is  not  open  to  any  doubt, 
for  it  has  been  sometimes  said  that  the  supposed  derivative  pebbles  were 
in  fact  original  concretions  mistaken  for  such ;  but  no  suspicion  of  this 
kind  can  be  brought  against  the  alleged  instance,  since  the  pebbles  of  the 
carboniferous  limestone  are  marked  by  the  characteristic  organic  remains 
of  that  rock,  and  the  angles  of  these  remains,  where  they  approach  the 
surface  of  these  pebbles,  are  broken  down  and  rounded  ofF,  so  that  the 
proof  of  their  origin  is  complete. 
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iTbese  cbniolidated  grar^l  beds  are  called  conglomerate^^ 
breccias,  or  pudding-stones ;  we  find  them  among  the  transition 
rocks,  in  the  old  red  sandstone,  in  the  millstone-grit  and  coal* 
grits,  in  the  lower  members  of  the  new  red  sandstone,  in  the 
sand  strata  beneath  the  chalk,  and  in  the  gravel  beds  associated 
with  the  plastic  clay,  and  interposed  between  the  chalk  and 
great  London  clay. 

§  7.  From  the  occurrence  of  the  marine  remains  lately  noticed^ 
occupying,  as  they  do,  rocks  spread  over  two-thirds  of  the  sun- 
fece  of  every  part  of  our  continents  which  have  been  explored, 
and  rising  to  the  highest  situations^  even  to  the  loftiest  summits 
of  the  Pyrenees  and  still  more  elevated  points  on  the  Andes, 
it  is  an  inevitable  inference  that  the  greater  part  of  those  con-*, 
tinents  have  not  only  been  covered  by,  but  have  been  formed 
of  materials  collected  beneath  the  bosouK  of  the  ocean ;  that 
we  inhabit  countries  which  we  may  truly  call  factas  ex  aequore 
terras.  The  great  and  fundamental  problem,  theriefore,  of 
theoretical  geology  is  obviously  to  assign  adequate  causes  for 
the  change  of  level  in  this  ocean  which  has  permitted  theses 
misses  which  once  formed  the  bottom  of  its  channel  to  rise  in 
hills  and  mountains  above  its  waves.  The  causes  which  it  is 
possible  to  imagine  are  reducible  to  two  general  classes ;  first, 
the  decrease  of  the  absolute  quantity  of  water ;  this  must  have 
resulted  from  causes  entirely  chemical,  namely,  the  decom- 
position of  some  portion  of  the  water,  its  constituents  entering 
into  new  forms  <^  combination,  and  its  fixation  in  the  rocks 
formed  beneath  it ;  it  is  probable  that  these  causes  have  operated 
to  some  degree,  but  it  seems  impossible  to  ascribe  to  them  the 
very  great  difference  of  level  for  which  we  have  to  account. 
The  second  class  of  possible  causes  is  entirely  mechanical; 
those,  namely,  which  may  have  produced  a  change  of  relative 
level  without  any  diminution  of  absolute  quantity  in  the  waters. 
The  causes  of  this  kind  which  have  been  proposed,  are,  first, 
the  absorption  of  the  waters  into  a  supposed  central  cavity,  but 
the  now  ascertained  density  of  the  earth  (being  greater  than 
that  which  would 'result  from  an  entirely  solid  sphere  of  equal, 
magnitude  of  the  most  compact  known  rock)  renders  the  ex«; 
istence  of  any  such  cavity  very  doubtful ;  secondly,  a  writer  in 
the  Journal  of  the  Royal  Institution,  vol,  2.  has  proposed  the 
very  ingenious  hypothesis  that  a  change  of  temperature  of  a  few 
d^rees  will,  from  the  unequal  expansibility  of  the  materials 
of  land  and  water  sufficiently  account  for  this  change  of  level ; 
thirdly,  it  has  been  ascribed  to  violent  convulsions  which  have^ 
either  heaved  up  the  present  continents,  or,  which  amounts  to 
the  samo  thing  {as  the  same  relative  change  must  have  taken 
place  in  either  view),  depressed  the  present  channel  of  the. 
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ocean.  It  is  not  the  business  of  the  present  work  to  propose 
theories^  but  to  record  facts;  these  facts  are  thus  connected 
with  the  above  discussion ;  if  the  violent  elevation  of  the  conti* 
nents  {or  depression  of  the  channel  of  the  ocean)  supposed  iu 
the  last  mentioned  hypothesis  really  took  place,  it  must  have 
left  traces  in  the  disturbed,  contorted,  and  highly  inclined 
position  of  the  strata,  and  these  disturbances  must  be  the 
greatest  where  the  change  of  level  has  been  the  greatest,  i*  e* 
in  the  neighbourhood  of  the  loftiest  mountains. 

The  enquirer  with  this  view  will  be  led  to  examine  what  is 
the  actual  position  of  the  strata ;  how  far  that  position  cau  be 
considered  as  having  resulted  from  original  formation,  and 
how  far  it  must  have  resulted  from  subsequent  convulsions  and 
derangement. 

When  beds  recom posed  from  the  fragments  and  detritus  oi 
older  rocks  (such  as  are  called  conglomerates  and  pudding* 
stones)  which  must  previous  to  their  consolidation  have  existed 
as  loose  gravel,  occur  among  vertical  or  highly  inclined  strata, 
we  may  conclude  with  absolute  certainty  that  this  inclined  po» 
sltion  cannot  have  been  original,  but  must  have  resulted  from 
subsequent  disturbance;  for  it  is  obviously  physically  impos- 
sible to  support  an  aggregation  of  loose  gravel  in  vertical  or 
nearly  vertical  planes.  A  similar  argument  will  apply  where, 
among  the  inclined  strata,  thin  beds  distinguished  by  peculiar 
organic  remains,  are  interposed;  for  we  cannot  imagine  any 
combination  of  circumstances  under  which  (previously  to  the 
consolidation  of  the  matrix  containing  them)  the  detached 
joints  of  encrinites,  or  the  loose  shells  of  testacea,  or  the  scat- 
tered  pinnulae  of  ferns,  should  have  disposed  themselves  in  thia 
vertical  layers.  It  is  manifestly  absurd  in  these  cases  to  attri* 
bute  the  vertical  direction  to  the  action  of  any  crystallizing 
force,  or  any  cause  of  the  kind ;  no  such  causes  could  have 
placed  a  vertical  bed  of  limestone  containing  encrinites,  in  con« 
tact  with  a  vertical  bed  of  coal-shale  containing  canes  and  fera 
leaves.  Now  such  arguments  will  be  found  to  apply  strictly  to 
a  very  large  class  of  highly  inclined  strata,  and  it  will  therefoj^ 
deserve  consideration  whether  we  can  in  any  case  (for  the 
phoenomena  are  always  similar)  ascribe  the  occurrence  of  verti»> 
cal  beds  to  these  supposed  causes. 

Those  remarkable  dislocations  of  the  strata  called  faults,  are 
connected  with  the  same  question  ;  these  are  breaks  or  fissures 
cutting  across  a  mass  of  strata,  accompanied  by  a  sinking  or 
depression  of  the  portion  of  that  mass  on  one  side  of  the  break, 
often  amounting  to  many  hundred  feet.  These  phoenomena 
have  been  from  the  nature  of  the  workings  most  fully  explored 
in  our  coal  mines. 
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? '  It  will  be  therdbre  ofte  <ybje€t  of  iike  |)reseiit  i^^yHc  te  eoUect 
(illtbe  {^h«Bioniefia  of  this  nature  irhich  hkve  been  observed  hi 
this  country,  under  a  general  point  of  view;  they  are  partly 
areaited  of  uader  tbe  beads  ^  ineUnatiott'  and  '  atrat^&caition,'  k[ 
the  account  of  each  formation ;  the  combined  results  will  b^ 
presented  in  a  distinct  chapter  in  the  last  book. 

§  B.  Another  class  of  facts,  implicated  with  the  questions 
arisiiig  from  the  convulsions  to  wUeh  the  great  change  of  the 
crcean's  level  has  been  ascribed,  are  those  which  relate  to  the 
focks  known  by  the  generic  designation  of  the  Trap  formation  ; 
for  these  rocks,  being  in  the  opinion  of  a  large  class  of  geologists 
decidedly  of  volcanic  origin^  the  partisans  of  these  views  will 
undoubtedly  attribute  to  the  explosions  vrhich  produced  them,- 
the  principal  agency  in  forcing  up  the  strata,  and  heaving  from 
tbe  depths  of  the  waves  the  ponderous  masses  of  the  contipents* 
It  b  not  however  the  object  of  this  work  to  dwell  upon  theore« 
tical  views,  further  than  to  point  out  the  manner  hi  which  the 
facts  collected  from  observation  may  be  brought  to  bear  upon 
them.  The  phoenomena  of  the  English  trap  rocks  will  be 
fully  discussed  in  treating  of  those  associated  vrith  the  coal- 
formation  ;  they  will  not  be  found  perhaps  very  decisive",  nor 
80  illustrative  of  the  great  points  at  issue,  as  the  appearances 
presented  by  similar  rocks  in  many  other  countries.  Without 
pronouncing  any  judgment  on  the  controversy,  we  may  observe 
that  the  weight  of  geological  authorities  decidedly  prepon- 
derates^ at  present,  in  favour  of  the  igneous  origin  of  these 
rocks.  In  the  subjoined  note  we  have  shortly  stated  the  gene- 
ral question^  as  to  the  extent  and  manner  in  which  volcanic 
agency  may  possibly  be  supposed  to  have  operated  in  the  con- 
tulsions  which  appear  to  have  affected  the  Earth's  surface,  but 
we  wish  to  keep  these  conjectural  speculations  entirely  distinct 
from  that  positive  knowledge  acquired  from  observation,  which 
is  u  jet  the  only  certain  portion  of  geological  science.^ 

*  In  support  of  the  hypothesis  which  ascribes  an  important  }3art  to  vol- 
canic agency  in  modif^ring  the  surface  of  our  planet,  the  following  at  least 
plaufible  arguments  might  be  adduced ;  we  submit  them,  howeveri  without 
venturing  to  detennine  what  real  wdght  they  i>088e8s. 

1.  It  must  first  be  kept  in  yiew  that  the  question  is,  to  asngn  an  adequate 
cause  for  the  undoubted  fact  of  the  emergence  of  the  loftiest  mountains  of 
tbe  present  continents ;  and  that  when  so  miehty  an  effect  is  to  be  ac- 
counted for,  the  mind  must  be  prepared  to  admit,  without  being  startl)Bd« 
causes  of  a  force  and  energy  greatly  exceeding  those  with  which  we  are  ac- 
quaiiited  from  actual  observation.  ' 

8.  The  broken  and  disturbed  state  and  inclined  position  of  the  strata 
composing  those  continents,  maay  of  which  must  have  been  at  the  time  of 
their  original  formation  horizontalfindicate  (as  we  have  seen)  that  one,  at 
kfHt)  of  the  cauMf  o^ratiog  to  effect  thb  great  change  of  relative  level 
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§  9,  As  connected  with  tbe  great  probkm  of  the  chAoge  in 
relative  level  betw^ea  the  continents  and  the  ocean,  we  have  to 

))«tween  the  land  and  waters^  was  the  eleTation  of  the  former  by  itiechani* 
pal  force. 

8.'  The  only  agent  with  which  we  arc  acquainted,  whose  operation  bearf 
any  analogy  tp  the  effects  above  specified,  ia  the  volcanic  energy  which 
Still  occasioxially  fbrms  new  islands  and  elevates  new  mountains. 
•  <4.  Although  these  effects  are  indeed  now  partial  and  h'mited^  yet  there 
is  certain,  proof  that  volcanic  agency  has  formerly  been  much  more  active  i 
the  extinct  volcanoes  cf  the  ^ine,  Hungary^  and  Auvergne,  as  well  as 
those  which  occupy  so  largje  a  portion  of  Italy,  where  one  only  now  re- 
mains in  activity,  concur  in  proving  that  we  now  experience  only  the 
expiring  efforts,  as  it  were,  of  those  gigantic  powers  which  have  once 
ravaged  the  face  of  nature, 

'^  5.  If  to  this  certain  proof  of  the  greater  prevalence  of  volcanic  convuU 
Sions  in  earlier,  but  still  comparatively  recent,  periods  of  the  history  of  our 
planet,  we  add  the  presumption  that  the  trap  rocks  (so  singularly  intruded 
among  the  regular  strata,  and  producing  where  they  traverse  those  strata 
so  precisely  the  effects  of  heat  acting  under  compression,  and  so  different 
in  all  their  phoenomena  from  formations  decidedly  aqueous)  were  of  vol-  . 
canic  origin,  we  shall  find  that  scarcely  a  country  exists  which  has  not  been 
a  prey  to  the  ravages  of  this  powerful  principle.  If  with  many  of  the 
best  geological  observers  (Dr.  Mac  Culloch,  Von  Buch,  Necker,  &c.)  we 
incline  to  extend  the  same  conclusions  to  granitic  rocks,  a  mass  of  volcanic 
power,  clearly  adequate  to  all  the  required  effects,  is  provided. 

6.  The  question  will  undoubtedly  present  itself,  what  is  the  source  of 
volcanic  action ;  and  sufficient  proof  exists  that  this  source  is  deeply  seated^ 
beneath  the  lowest  rocks  with  which  our  examination  of  the  Earth's  sur- 
face makes  us  acquainted;  for  in  Auvergne  the  lavas  have  qvideptly  been; 
erupted  from  beneath  the  primitive  rocks. 

7.  The  very  important  recent  discoveries  with  regard  to  the  increased 
temperature  noticed  in  descending  deep  mines,  &c.  by  Messrs.  Fourricr 
and  Fox»  will,  if  confirmed  by  further  examination,  prove  that  some  great 
fource  of  heat  exists  beneatn  the  Earth's  crust.  Mr.  Fox's  observations 
have  been  disputed  by  Mr.  Moyle,  who  considers  him  to  have  been  ledintq^ 
error,  by  the  higher  temperature  of  the  portions  of  the  mine  where  it  had 
been  raised  by  the  animal  heat  of  the  woiicmen  employed ;  but  it  is  obvious 
that  this  can  never  account  for  the  regular  gradation  of  increased  tempera<* 
ture  said  to  have  been  noticed  in  every  successive  level  examined :  the  sub^ 
ject,  however,  cannot  fully  be  cleared  without  reiterated  and  continued 
observations.  While  this  paragraph  was  passing  through  the  press,  Mr. 
Fox  has  returned  wh:U:  appears  to  be  a  satisfactory  answer  to-  the  objections 
of  Mr.  Moyle,  in  the  Ann.  Phil,  for  May  1822. 

8.  A  degree  of  presumption  may  be  thought  to  arise  from  these  con- 
siderations, that  the  crust  of  the  Earth  rests  on  an  heated  nucleus,  the  true 
source  of  volcanic  ener^.  If  this  nucleus  be  in  a  fluid  or  viscous  statCi  its 
undulations  would  readily  account  for  the  convuliMons  which  have  affected 
that  crust  both  in  originally  dislocating  and  elevating  portions  of  its  strata, 
and  in  the  actual  phcenomena  of  earthquakes,  (of  many  of  which  phceiio- 
mena  no  other  hypothesis  appears  to  offer  a  sufficient  explanation),  while 
at  the  same  time  it  would  assign  an  adequate  reason  for  the  figure  of  the* 
globe  as  a  spheroid  of  rotation. 

9.  On  this  supposition,  we  should  at  once  perceive  a  reason  why  the' 
effects  of  the  volcanic  force  may  have  tfeen  much  more  violent  in  earlier- 
periods,  while  xhatjuass  of  deposits  which  now  covers  the  supposed  .yoI- 
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hotice  at!  impoHant,  \)ut  too  hasty  generalisation  of  ah  6pt)'osite 
school  of  geologists  (the  Weraerlans),  which  supposes  the  ba^sel 
fedges  of  the  strata  to  occupy  levels  successively  lower  and  lowei' 
in  proportion  as  they  are  of  less  ancient  formation  and  recede 
from  the  primitive  chains,  forming  the  edges  of  the  basins  iii 
which  they  have  been  deposited.  The  accompanying  diagrant 
will  assist  us  in  understanding  these  views,  and  coiiiparing  them 
with  the  Teal  fact  as  it  exists  in  nature. 


Here  a  a  a  is  the  supposed  fundamental  basin  of  primitive 
rocks  once  .occupied  by  the  original  ocean  ;  when  that  oceaa 
had  sunk  to  the  level  of  the  dotted  line  b  b  it  deposited  the 
bed  b  b  bj  which  conformed  itself  to  the  form  of  the  bottom  otf 
the  basin,  and  therefore  rose  in  a  steep  angle  against  the  ridges 
forming  its  side ;  when  the  ocean  had  further  sunk  to  c  c  it 
deposited  the  bed  c  c  c,  and  in  like  manner  at  the  level  d  </, 
formed  the  bed  d  d  d;  but  as  the  new  deposits  recede  further 
from  the  steep  primitive  ridges,  they  would  continue  more  hori- 
zontal even  to  their  very  edges. 

From  this  hypothesis  two  corrollaries  necessarily  arise ;  first, 
the  basset  edges  of  each  formation  must  every  where  be  of  the 
same  levcrf ;  secondly,  the  basset  edges  of  the  strata,  when  traced 
thorlzontally  across  the  surface  of  a  country,  will  form  parallel 
zones,  in  such  a  manner  that  the  central  area  will  be  occupied 
by  the  most  recent  formation,  encircled  in  regular  order  by 
successive  zones  of  the  older  formations,  the  edge  of  each  of 
which  will  take  a  wider  and  wider  sweep. 

canic  nucleus  was  only  gradually  forming  over  it,  than  at  present ;  and  we 
9hall  also  find  a  reason  for  the  higher  temperature  which  many  of  the  re- 
laains  both  of  the  animal  and  vegetable  kingdoms,  found  in  the  strata  of 
•countries,  now  too  cold  for  the  existence  of  their  recent  analogues,  appear 
.(o  indicate  as  having  formerly  prevailed. 

lO.  It  must  be  remembered  that  one  of  the  essential  conditions  of  the 
theory  above  sketched  is,  the  operation  of  volcanic  agency  beneath  the 
pressure  of  an  incumbent  ocean ;  and  that  it  does  not,  therefore,  in  any 
^degree  question  the  Neptunian  origin  of  the  majority  of  the  rocks  which 
•have  evidently  been  formed  in  the  bosom' of  that  ocean.  ,With  regard  to 
the  trap  rocks,  and  perhaps  the  granitic,  alone^  docs  it  venture  even  to 
ifisinuue  an  opposite  mode  of  formation. 
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Lei  118  jexamiiit,  then,  bow  far  the  facts  aseertakied  by  ob^ 
senration  accord  with  this  ?iew.  It  will  at  once  be  seen  on 
inspecting  the  map  and  sections  of  this  island  appended  to  the 
present  work,  that  there  is  an  approach  towards  the  strncturo 
required  by  this  theory,  but  yet  attended  with  irregularitieg| 
wtich  must  prevent  pur  adopting  it  without  great  niodificatioii» 
|n  the  first  place,  we  will  consider  the  farorable  side  of  the 
question.  If  we  examine  the  mountain  ridges  and  chains  of 
hills  of  the  island,  we  shall  find  a  gradation  in  height  corres- 
ponding with  their  geological  age,  such  as  is  above  supposed ; 
for  the  Grampian  hills,  consisting  of  primitive  rocks,  are  the 
most  elevated ;  next  to  these  succeed  the  transition  chains  of 
South  Scotland,  Cumberland,  and  Wales;  the  third  class  in 
height  will  be  occupied  by  the  ranges  of  the  carboniferous 
series ;  the  fourth,  by  the  oolites;  the  fifth,  by  the  chalk;  and 
the  strata  above  the  chalk  will  be  found  to  form  hills  only  of 
inferior  elevation ;  a  glance  at  the  map  will  also  shew  that  the 
bassets  of  all  the  strata  above  the  new  jed  sandstone  form 
succesATe  zones,  fulfilling  in  a  general  manner  (though  not 
without  irregularities)  the  conditions  of  the  hypothesis. 

But  on  the  other  hand,  if  we  compare  the  basset  edges  of  the 
same  strata  on  the  opposite  sides  of  the  great  European  basin 
(assuming  the  primitive  ranges  of  our  own  island  as  one  of  its 
borders,  and  those  of  the  Alpine  chahis  as  the  other),  we  shall 
find  their  level  totally  different.  The  oolite,  for  instance^ 
whose  highest  point  with  us  is  (ess  than  1200  feet,  attains  an 
height  of  more  than  4000  in  the  Jura  chain,  and  in  the  moun- 
tains of  the  Tyrol  has  been  observed  by  Mr.  Buckland  crown- 
ing some  of  the  loftiest  and  most  ru^ed  summits  of  the  Alps 
themselves.  Again,  if  we  compare  the  inclination  of  the  strata 
at  the  edges  of  the  ba^in,  we  shall  find  any  thing  but  the  sup? 
posed  regular  gradation  from  an  highly  elevated  to  an  ho;nzpntal 
position ;  on  the  contrary,  we  shall  see  the  horizontal  beds  ge- 
nerally reposing  at  once  upon  the  truncated  edges  of  those 
which  lie  at  very  considerable  angles ;  and  in  place  of  the  ge- 
neral conformity  or  parallelism  which  ought  to  prevail  bctivcen 
the  several  formations,  we  shall  observe  in  many  instances  ap- 
pearances of  the  greatest  irregularity  in  this  respect ;  and  these 
irregularities  will  be  found  to  increase  in  approaching  those 
chaiHS  which  are  the  most  elevated.  In  order  to  enable  the 
reader  to  compare  th^  real  structure  of  a  mineral  basin  oi\  the 
great  scale,  with  that  resulting  from  the  Wemerian  hypothesis, 
we  refer  to  the  section3  of  England  which  accompany  this  worl^ 
as  exhibiting  a  portion  of  the  ivestern  border  of  the  principid 
basin  of  Europe,  and  subjoin  in  this  place  a  rough  sketch  of 
Ihc  Alpine  border  of  that  basin,  taken  from  a  section  of  Ebel's. 
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.  Ik  is  impossible  to  eoi&cei?ie  a  more  striking  picture  of  de- 
taogement,  apparestly  resulting  from  the  operation  of  violent 
convulsioBS,  than  is  here  presented ;  and  however  we  may  doubt 
whether  the  details  of  the  section  are  perlectly  ascertained,  it 
is  impossible  that  such  a  representation  could  have  been  formed, 
did  not  the  greatest  disturluuMie  actuaiiy  e^st.* 

^  10.  The  appearances  exhibited  by  the  numerous  vallies 
which  furrow  the  earth's  surface,  and  certain  allied  phcenomena 
presently  to  be  stated,  will  properly  form  some  of  the  con^ 
dading  objects  of  enquiry  to  the  geological  observer,  as  being 
Qonnected  with  the  most  recent  of  those  causes  which  have 
modified  that  surface,  previously  to  its  passing  into  the  state  in 
which  we  now  behold  it,  and  becoming  subject  to  the  order  of 
causes  which  still  prevails. 
The  first  thing  that  will  strike  him  will  be  the  regular  con* 

*  It  seems  impoasible  to  deny  that,  if  the  only  change  wliich  took  place 
during  the  formation  of  the  strata,  were  a  regular  and  gradual  subsiaence 
of  the  level  of  the  ocean,  the  phoeoomena  ought  to  be  exactly  in  accordance 
with  the  above  Wernerian  exposition ;  but  if  we  suppose  that,  during  their 
formation,  the  continents  were  elevated  by  mechanical  forces  acting  in  a 
series  of  great  convulsions,  we  shall  perhaps  obtain  a  nearer  approxhnation 
to  agreement  with  the  actual  phcenomena,  as  deduced  from  observation. 
If  these  convulsions  resulted  from  volcanic  agency,  we  have  before  seen 
that  there  is  every  reason  to  believe  this  cause  to  have  acted  with  most 
violence  in  the  earliest  periods ;  and  this  will  sufficiently  account  for  the 
greater  derangement  of  the  older  rocks.  In  many  instances,  as  might  be 
anticipated,  in  countries  least  raised  above  the  level  oi  the  sea,  the  subse- 
quent formations  seem,  from  their  nearly  horizontal  position  and  regular 
conformity  to  each  other,  to  have  experienced  only  a  gradual  and  gentle 
action  of  the  elevating  forces,  and  here  and  her^  only  we  may  expect  to 
^nd  and  do  find  an  accordance  with  the  Wernerian  view;  but  m  the  more 
lofty  and  mountainous  countries,  where  we  should  conclude  (if  wc  suppose 
these  chains  to  have  been  raised  by  convulsions  of  the  nature  descrioed) 
that  those  convulsions  must  have  raged  with  violence  during  much  longer 
perio<fe,  we  shall  accordingly  find  that  the  derangements  do  actuaHy  extend 
through  a  far  more  extensive  ran^e  of  geological  formations ;  and  observe 
comparatively  recent  strata  exhibiting  the  same  pboenomeoa,  of  high  incUr 
nation,  contortion,  and  irregularity. 
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figuration  of  these  vallies  *  in  those  circumstances  which  adapt 
them  for  the  channels  which  drain  the  countries  they  traverse, 
and  convey  their  waters  to  their  final  receptacle,  and  at  the  same 
time  their  principal  source,  the  ocean.  In  almost  all  of  themt" 
•we  shall  see  numerous  branches  ramifying  over  extensive  tracts 
as  if  to  collect  in  the  most  efficient  manner  the  aqueous  sup- 
plies, and  at  length  inosculating  into  a  principal  trunk  opening 
into  some  a&stuary ;  and  we  shall  trace  a  regular  and  continuous 
slope  from  the  extremity  of  the  branches  to  the  mouth  of  the 
trunk,  calculated  to  urge  the  descent  of  the  wateis  through 
the  whole  system. 

.  Now  this  configuration  is  exactly  that  which  would  neces- 
sarily be  produced  by  the  action  of  waters  scooping  out  chan-' 
nels  for  their  passage  in  draining  themselves  off  from  the  face^ 
of  a  country.  We  may  daily  see  the  same  operation  repeated 
in  miniature  by  the  drainage  of  the  retiring  tide  on  muddy 
shores,  especially,  in  confined  aestaaries  where  the  fall  is  con- 
siderable and  rapid. 

That  such  has  been  in  fact  the  agency  which  has  in  every 
instance  greatly  modified,  and  in  many  entirely  produced,  the 
inequalities  which  now  mark  the  earth's  surface,  giving  rise  to 
all  its  beautiful  variety  of  hill  and  valley,  phcenomena  of  the 
roost  decisive  character,  constituting  a  body  of  evidence  as 
nearly  approximating  to  demonstration  as  the  nature  of  the  case' 
can  admit,  leave  no  reasonable  ground  to  doubt.  Of  these  we  > 
shall  proceed  to  give  a  brief  exposition,  reserving  for  the  body 
of  the  work  their  fuller  consideration,  and  their  illustration  by 
a  copious  induction  of  examples  from  every  part  and  every 
formation  of  the  island » 

We  must  begin,  however,  by  remarking  that  many  of  the 
theories  advanced  on  this  subject  appear  defective  in  two 
points.  First,  because,  ascribing  every  thing  in  the  formation 
of  vallies  to  the  agency  of  running  waters,  they  entirely  over- 
look the  effect  which  must  have  been  produced  by  the  violent 
convulsions  which  appear  in  so  many  instances  to  have  broken 
and  elevated  the  strata,  and  must  in  so  doing  have  necessarily 
formed  a  surface  diversified  by  many  and  great  inequalities ;  we 
should  therefore  perhaps  take  a  more  just  as  wcU  as  more  com- 

*  Tliere  are  some  excellent  remarks  on  this  subject  in  one  of  those  earlier 
memoirs  which  anticipated  the  regular  and  full  developement  of  geolo^cal 
science,  Packe*8  Memoir  for  a  Map  of  East  Kent,  published  1 737 :  it  is 
aeedless  to  refer  to  the  later  materials  accumulated  in  Playfair's  illustrations. 

+  The  only  exceptions  are,  first,  the  vallies  which  terminate  in  inland 
lakes  unconnected  with  the  ocean  ,  and  secondly,  with  regard  to  the  regu- 
lar and  uniform  slope  of  the  districts  in  which  chains  of  lakes  abound ;  these 
will  be  hereafter  considered. 
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prehensive  iiew  of  the  subjecit  in  cotnbiatng  the  ageiicj  of  these 
two  orders  of  geological  causes.  The  valites  of  mountaiuous 
countries  (where  every  sign  of  disorder  and  disturbance  prerails 
in  the  strata)  owed  in  all  probability  at  least  their  first  outline 
to  the  disruptive  forces  which  acted  around  them^  and  here 
accordingly  we  find  that  regular  and  systematic  conformation , 
which  has  been  already  noticed,  far  le&s  clearly  marked  in  the 
structure  of  the  Tallies ;  for  instead  of  the  uniformly  descending 
slope  of  their  channels,  thi»  line  is  broken  by  deep  hollo wsy 
the  receptacles  of  large  lakes.  But  although  on  these  grounds 
"we  may  refer  the  original  formation  of  the  Tallies  of  such  dis« 
tricts,  in  part  at  least,  to  the  conTulsions  alluded  to,  yet  there 
are  the  strongest  proofs  that  eTcn  here  also  the  Tallies  have 
subsequently  been  greatly  modified  by  the  rush  of  mighty  cur-i^ 
rents  of  water  through  them ;  and  in  lower  countries,  where 
the  horizontal  and  undisturbed  position  of  the  strata  shew  that 
other  convulsions  cannot  very  sensibly  have  affected  the  figure 
of  the  surface,  we  must  refer  its  present  inequalities  almost 
exclusively  to  the  excavating  action  of  such  currents. 
.  The  second  defect  which  calls  for  animadversion  in  some  of 
the  theories  which  in  other  respects  have  given  the  clearest 
yiews  of  the  phoenomena  under  discussion,  is,  that  while  they^ 
coiT^ctly  ascribe  the  excavation  of  vallies  to  the  agency  of 
aqueous  currents,  they  look  to  no  other  supply  of  that  agency 
than  the  streams  (often  inconsiderable  rills)  which  now  flow 
through  them,  borrowing  liberally  from  time  what  they  con-* 
fessedly  want  in  force.  The  advocates  of  this  view  imagine, 
that  in  a  long  lapse  of  ages  the  incessant  action  of  this  minutei 
cause  would  be  sufficient  to  account  for  the  mighty  effects 
observed ;  but  not  to  dwell  on  the  difficulties  which  the  truly^ 
immense  periods  required,  must  present  to  any  one  who 
imagines  he  has  less  than  an  eternity  of  past  time  to  calculate 
upon ;  yet  even  conceding  that  eternity,  it  is  easy  to  shew  that 
t^e  phoenomena  attendant  on  vallies  are  very  commonly  of  such 
a  nature,  that  to  believe  them  to  have  been  formed  by  their 
actual  rivers,  however  long  their  action  may  have  endured,  in- 
volves the  most  direct  physical  impossibilities.  In  fact  (as  we 
shall  presently  see)  this  hypothesis  must  be  abandoned  at  once 
by  any  one  who  will  take  the  trouble  of  subjecting  it  to  a  rigo- 
rous application  to  the  vallies  of  any  extensive  district,  or  to 
any  map  of  those  vallies  in  which  the  configuration  of  the  sur- 
face is  accurately  represented ;  and  it  must  principally  be 
ascribed  to  the  imperfection  of  all  but  the  most  recent  maps  in 
this  respect,,  and  to  the  circumstance  that  the  eye  seldom  lakes 
ip  enough  of  the  surface  of  a  country  to  judge  correctly  of  the. 
totality  (if  we  may  so  speak)  of  its  CQuliguration,  that  it  could 
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erer  have  been  seriously  defended.  It  is  indeed  the  ihore  ex* 
traordinaiy  that  a  cause  so  manifestly  inadequate,  should  ever 
have  been  embraced,  since  the  fundamental  fact  of  geologf^ 
namely,  that  the  continents,  now  dry  land,  were  once  covered 
with  the  ocean,  which  is  of  necessity  (however  diffeventh^ 
explained)  common  to  every  geological  theory,  involves  in 
itself  the  admission  of  a  cai»e  fully  adeqncto:  for,  however 
that  ocean  may  have  been  brought  ta  its  present  levc^,  it  couid 
never  (on  any  view  of  the  matter)  have  drained  off  the  surface 
of  the  lands  It  has  deserted,  without  experiencing  violent  cwt* 
vents  in  its  retreat;  and  in  those  currents  (the  existence  of 
which  no  one  can  on  any  hypothesis  dispute)  might  have  been 
found  a  force  far  more  cooimenfsurate  to  the  effects  to  be 
accounted  for.* 

It  is  further  necessary,  as  a  preliminary  to  the  discussion  of 
this  subject,  to  state  a  distinction  to  which  we  shall  often  have 
occasion  to  recur,  arising  from  the  direction  of  valli^s  relatively^ 
to  that  of  the  chains  of  hills  among  which  they  range :  con-i* 
sidered  under  this  relation  they  may  be  dlTided  into  two  classesy 
eommonly  dfetingnished  as  longitudindl  and  transverse  vallies. 
The  Icn^itudinal  valleys  are  those  which  pursue  a  course  parallel 
to  the  direction  of  the  chains  which  bound  them ;  the  transverse^ 
those  which  cut  transversely  across  the  hill  chains.  Since  the 
drrectton  of  the  chains  of  bills  is  very  generally  the  same  witk 
the  direction  of  their  constituent  strata,  it  is  Unnecessary  to  add 
that  the  longitudinal  vallies  will  in  such  cases  be  parallel  to, 
SM»d  the  transverse  cut  across,  the  strata  among  which  the^ 
range. 

To  proceed  to  the  phcenomena  on  which  the  proofs  of  thi» 
agency  of  great  aqueons  currents  in  the  formation  of  our  vallies^ 
depend,  we  should  begin  with  those  which  shew  that  they 
hare  been  excavated  in  the  strata  subsequently  to  their  originai 
consolidation. 


The  nature  of  these  proofs  will  be  most  clearly  explained  by 
tbe  inspection  of  the  accompanying  diagram,  which  represents 

*  We  do  not  at  present  enter  into  the  question  whether  the  vallies  may 
not  have  been  modified  by  other  currents  subsequent  to  the  first  retreat  m 
the  ocean  from  our  continents. 
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aqd  ^Yersed  by  several  vallies.  Que,  of  these  vallies  separates 
%he  hills  No.  1  &  2,  a  second  separates  2  &  3;  at  the  farther 
bas€|  pf  the.hill  No.  3^  a  plaia.  succeeds,  in  the  middle  of  wiBch 
rises  the  insulated  hill  No.  4,  crowned  by  the  same  strata; which 
9pp0ar  in  the  neighbouring  chain.  :  Such  insulated  hills  are 
teiTned  oti^er^,  and  constitute  a  phoenomenon  of  much  impi»rU 
ance  as  connected  with  the  present  question. 

If  then  we  examine  the  structure  of  the  Tallies  as  here  repre- 
sentj&d,  we  find  precisely  the  same  series  of  strata  repeated  on 
both  their  sides,  in  exactly  the  same  order,  and  under  circum- 
stances which  indicate  them  to  have  been  once  continuous,  ajid 
to  have  been  subsequently  removed  from  the  intervals  occupied 
by  the  vallies,  by  some  cause  which  has  here  excavated -or 
scooped  away  the  materials  which  once  filled,  those  intervals. 
The  phoenomena  are  exactly  similar,  on  the  lai^e  scale,  to  those 
which  would  be  exhibited  in  the  small  by  a  block  of  laminated 
marble  in  which  the  tool  of  the  sculptor  bad  chisselled  out  deep 
furrows;  and  as  we  iihould  not  doubt  in  the  latter  instance , that 
the  lamine  now  interrfipted  hy  these  fuirows  had  been  ofice 
Co|itiiinoi^  and :  the  interruptiops  eWe^t^d  by  subsequent  vi0« 
lence,  so  we  have  the  same  or  stronger  evidence  in  the  case 
before  us;  for  the  strata  broken  through. by  the  Tallies  are,  in 
a  majority  of  instances^  evidently  the  result  of  aqueous  depesi- 
fion;  ^ow  .we  cannot  possibly  suppose  tJiat  such. a  cause 
cctnld'ha^^  deposited  exactly  the  same  beds,  in  the  same  order^ 
and  the  same  planes,  throughout  the  mass  of  the  hills,. and  yet 
have  abruptly  ceased  to  deposit  them  in  the  narrow  intervals 
now  possessed  by  thcf  vallies ;  undoubtedly  then  those  intisrvals 
were  once  filled  by  the  same  deposits  whose  truncated  edges 
now  appear  on  their  sides;  and  the  intervals  themselves  (i..e. 
.^e  VJalHes)  have  been  formed  by  the  subsequent  ei^cavation  or 
erosion  of  the  strata  in  these  points. 

-  In  the>  treatise  on  the  Deluge  by  Mr.  Gatcot  (a  physleo- 
theological  writer  of  the  last  century  belonging  to  the  Hutchin- 
*^nian  school)  are  the  following  forcible  remarks  on  .this  sub- 
ject. 
*^  If  a :  person  were  to  see  the  broken  walls  of  a  palace  or 

-  castle  that  had  been  in  part  demolished,  he  would  trace  the 
lines  in  which  the  walls  had  been  carried,  and  in  thought,,  fill 
up  the  breaches^  ^d  reunite  the  whole.  In  the  same  manner, 
when  we  view  tiie  naked  ends  or  broken  edges  of  strata  on  one 
side  of  a  valley,  and  compare  them-  with  their  correspondent 
ends  on  the  othef,  we  cannot  but  perceive  that  the  intermediate 
9pa<:e>was  aace  fiUed  iipj  and  the  strata  continued  from  momi« 

^^4«iit^'BUNmtai9."      .... 
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$xtl  niTftODircTioir; 

'  The  wtMle  ihibject  of  the  exlcavalion  of  Vftllies  by  dihivtaf 
etttrents  is  discussed  with  great  ability  by  this  trriter ;  but  it  i» 
unnecessary  to  &dd^  that  much  of  erroneous  obserration,  and 
more  of  unfounded  inference,  will  be  found  in  geologkal  spe«* 
culations  of  that  age  and  school. 

This  passage  has  been  already  cited  by  Mr.  Greenough  in 
his  (geological  Essay,  in  a  section  devoted  to  the  consideration 
of  the  present  subject,  which  condenses  much  valuable  inform 
mation  on  the  several  points  connected  with  it. 

The  proof,  as  above  stated,  is  still  further  strengthened  by 
the  occurrence  of  broken  fragments  of  the  materials  which  once 
filled  up  these  intervals,  scattered  over  their  surface.  Not  only 
do  we  observe  these  natural  breaches  bearing  every  mark  of 
the  violence  which  has  produced  them,  but  we  find  the  ruins 
themselves  strewn  around ;  immense  accumulations  of  debris^ 
torn  from  the  adjacent  rocks,  and  generally  more  or  less  rounded 
(as  if  by  attrition  against  one  another  while  rolled  along  by  the 
action  of  strong  currents),  very  generally  cover  the  bottom  of 
the  vallies  which  traverse,  and  the  plains  which  stretch  beyond 
the  base  of  the  elevated  chuns.  To  the  consideration  of  the 
phcenomena  presented  by  these  accamulatimis  we  shall  pre* 
tently  return. 

On  these  gfounds,  then,  the  proof  that  the  vallies  have  been 
ki  many  instances  entirely  elcavated  by  the  agency  of  powerful 
aqueous  currents,  and  in  all  greatly  modified  by  the  same  cause, 
seems  as  strong  and  complete  as  the  nature  of  the  case  can  pos* 
tibly  admit* 

*  Mr.De  Luc^  in  his  travels  through  England^  endeaTOuring  to  »cet 
these  arguments,  adduces  many  instances  of  vallies  in  wbicli,  accoiding  t9 
his  account,  the  opposite  sides  consist  of  different  strata,  as  a  contradiction 
of  the  above  theory  of  their  formation  j  but  once  we  can  only  expect  to 
find  any  given  stratum  in  the  continuation  of  its  plane,  it  by  no  means  fol- 
lows that  all  vallies  excavated  by  water  must  necessarily  present  the  samt 
$trata  on  both  sides  $  this  in  fact  is  only  a  necessary  consequence  when  the 
Vallies  are  transverse,  or  cut  across  the  direction  of  the  strata ;  because  in 
this  case  the  plane  of  those  strata  will  necessarily  range  along  both  the  op« 
pOMte  sides.  But  in  longitudinal  vallies,  ranging  parallel  to  the  direction 
of  the  strata,  especially  when  the  beds  are  very  sensibly  inclined  to  the 
horizon,  we  ought  not  to  expect  the  same  strata  on  both  udes;  for  in  this 
case  the  truncated  edge  of  a  su]^ior  bed  may  form  the  escarpment  on  oae 
side  the  valley,  and  the  opposite  slope  may  be  formed  by  the  ascendiifg 
plane  of  the  stratum  which  emerges  from  beneath  it ;  the  figure  illustrating 
the  nature  of  stratification,  page  lii,  may  serve  to  shew  the  sectional  pro- 
file of  a  series  of  such  vallies.  M.  De  Luc'a  instances  are  either  of  thb  kind 
or  folded  entirely  in  mistake  (the  fact  being  ei(actly  the  reverse  of  his 
representation]  as  we  shall  shew  at  length  in  the  part  of  the  work  dedicated 
to  this  subject.  In  a  great  majority  of  instances  (ninety-nine  out  of  the 
hundred  at  least)  the  strata  are  ttgnurly  foui|4  in  the  continuatioil  of  th^ 
planes,  whenever  and  however  time  planet  are  cut  by  the  yallici..  Thr 
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.  Jtet  akhott^  we  may  luifely  attriba  te  tbeseefiectr  to  nitming 
water,  jet  we  shall  find  on  examination  that  the  agency  of  th^ 
streams  which  at  present  flow  through  our  Tallies  (to  whose  long 
continued  action  they  have  sometimes  been  ascribed)  is  quit^ 
inadequate  to  afford  a  satisfactory  solution  of  the  phoenomena* 
The  proofs  of  this  assertion  afe  not  merely  the  apparent  dis- 
prc^rtion  between  this  cause  and  the  effect  to  be  accounted 
foe,  and  the  entire  absence  of  any  stre^MnS  in  many  valiies  (those 
of  the  chalky  districts  especia,lly),  but  we  find  a  still  mor^ 
^eeisiTe  refutation  in  a  phcenomencMi  of  common  occurrence^— 
the  intersection  of  two  series  of  rallies,  the  one  extending  Ion* 
gitudinally  along  the  base  of  a  chain  of  hills,  and  the  other 
flatting  transversely  across  that  chain,  under  such  circumstances 
that  no  stream  could  have  risen  to  a  sufficient  height  to  form 
the  transverse  valiies  by  excavating  »  passage  through  the  crest 
of  the  chain,  but  must  have  discharged  its  waters  at  a  level  fa^ 
tnferior  to  that  required  for  this  effect,  through  the  longitudinal 
valley  at  its  base.  The  details  of  this  configuration  of  surface^ 
and  the  arguments  arising  from  it,  will  be  treated  with  the 
,deW  they  require  ip  the  body  of  the  work  under  the  proper 
headi  here  they  can  only  be  alluded  to;  and  it  will  thus  \>% 
^en  that  large  sheets  of  water  sweeping  over  the  face  of  an  exr 
tensiye  tract  at  once,  can  ^one  account  for  the  phoenomena* 
Alm«at  all  the  valiies  of.  the  Weald  of  Kent,  Surrey,  and 
Sussex,  present  this  combination  of  circumstances,  as  do  many 
others  of  those  whjch  traverse  the  chalk  range  in  various  parts 
of  the  island ;  and  a  circuit  of  a  few  miles  round  Bristol,  alone 
affords  no  less  than  ten  instances  of  the  same  kind. 
.  The  same  agency  that  has  excavated  the  valiies,  appears  also 
to  have  &wept  off  the  superior  strata  from  extensive  tracts  which 
they  once  covered ;  the  proofs  of  this  are  to  be  found  in  insu- 
lated hills,  or  outliers  of  those  strata  placed  at  considerable 
distances  from  their  continuous,  rs^ige,  with  which  they  hay^ 
every  a{qpearance  of  having  been  once  connected.;  in  the  abrupt 
end  truncated  escarpments  which  form  the  usual  terminationa 
<^  the  strata ;  and  in  the  very  great  quantity  of  their  debris  scaU 
Itered  frequently  over  tracts  for  distant  from  those  where  they 
still  exist  in  situ.  This  stripping  off  the  superstrata  is  appror 
JimiQlj  Uroi^i,  denudation. 


imly  excepted  caiet  are,  when  the  direcdon  pf  the  valley  coincides  with 
that  of  a  foiilt,  or  dislocation  and  subsidence  of  the  strata,  and  these  are  of 
the  very  rarest  occurrence.  A  glance  at  Mr.  SmitfaV  or  Mr,  Greenough's 
map  wfll  at  once  shew  that  all  the  principal  transverse  vaUtes  throughout 
iheiaUud,  do  actually  exhibit  the  same  strata. on  both,  odes. 
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•  The  surfaces  of  the  strata  appear-to  iiafe  Mcfn  expoised  i^r^ 
HMyj  at  leasty  mote  than  once  to  the^  action^  of  ihc^se  denadhif 
cacises,  and^Ved  at  very  early  epochs,  while  many  of  the  more 
iecent  b6ds  were  as  yet  only  in  the  process  of  being  depositdl'; 
for  among  those  beds  we  find  many,  as  we  have  already  ob^ 
served,  made  up  of  water-worn  debris  which  most  hare  resttKe^ 
from  causes  of  this  kiiid.  Indeed  whenever,  and  in  whatever 
manner,  the  waters  first  receded  from  the  emerging  continente^ 
citrrents  virhich  could'  hardly  have  failed  to  produce  such  effects 
must  have  taken  place;  but  the  most  important  agency  of  this 
kind  appears  to  have  been  exerted  at  a  more  recent  period,  and 
subsequently  to  the  consolidation  of  all  the  strata,  by  an  inun- 
dation which  must  have  swept  over  them  universally,  and  covered 
the  whole  surface  with  their  debris  indiscriminatiely  thrown  to- 
gether, forming  the  last  great  geological  change  to  which  the 
surface  of  our  planet  appears  to  have  been  exposed. 

§  1 1.  To  this  general  covering  of  water-worn  debris  derived 
frbtn  all  the  strata,  the  name  of  Diluvium  has  been  given  froni 
the  consideration  of  that  great  and  universal  catastrophe  to 
which  it  seems  most  properly  assignable.  By  this  name  it  is 
Intended  to  distinguish  it  frotn  the  partial  debris  occasioned  by 
cai^feS  still  in  operation ;  such  as  the  slight  wear  produced  by 
the  present  rivers,  the  more  violent  action  of  torrents,  &C.  &c. ; 
to  the  latter  the  name  Alluvium  has  lately  b^^  appropriated ; 
but  many  authors  confound  the  two  classes  of  phoenomena  to- 
gether, describing  them  generally  as  alluvial,  llie  pheenomena 
of  the  diluvial  debris,  or  gravel,  are  highly  impol'tant  and  in- 
teresting. Its  existence,  as  we  have  already  seen^  deolonstratei 
thie'  iiature  of  the  causes  which  have  modified  the  presettt  sur- 
face of  our  planet ;  its  quantity  may  serve  m  some  degree  n»  k 
measure  of  the  force  with  which  they  have  acted;  and  its  dis^ 
tribution  may  indicate  the  direction  in  which  the  currents  swept 
it  onwards.  For  instance,  when  we  fiAd  rounded  pebbled 
derived  frota  rocks  which  exist  in  situ  only  in  the  mountains 
of  the  north  and  west,  scattered  oter  the  plains  of  the  midland 
counties,  we  may  be  sure  that  the  currents  drifted  from  the 
former  point  to  the  latter ;  and  it  often  afibrds  a  curious  and 
interesting  prit>blem  to  the  geologist  to  trace  these  travelled 
fragments  to  their  native  masses,  often  hundreds  of  miles  distant* 
Tl^e  accumulations  of  this  gratel  above  referred  to,  in  the  mid- 
land counties,  especially  along  the  plains  at  the  foot  of  the  es- 
carpment of  the  chain  of  the  inferior  oolite  on  the  bordcfrs  of 
Gloucestershire,  Northamptonshire,  and. Warwickshire,  are  of . 
surprising  extent,- and  the  materials  brought  together  are  from 
so  many  quarters,  that  it  would  not  be.  difficult  to  form  a  nearly 
coipplete  suite  of  the  geological  formations  of  Enghmd  from 
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tMr  f rAgmeute  here  deposited.  Portioosof  tfie-skime  gtm^ 
hsLve  l>een  swept  oawaids  tlutragh  transverse  Tallies  a^Mtlhig 
openings  across  the  chains  of  oolite  and  chalk  htUs,  as  Jar  as 
the  plains  sui^roonding  the  oietropolis;  bat^theptindpal^Qaase 
ef^ihe  ^iioTial  graTel  in  this  latter  qnarter,  is  derived  from  the 
partial  destmc^Ni  of  the  neighbonring  chalk  hills,  consisting 
i^  flints  washed  ont  from  thence,  and>  sabseqnentlj  rounded 
h|r  Attrition.*  i 

On  a  general  investigation  of- theserand  similar  phcenomenaj 
it  does  not  seem  possible  to  assign  any  single  and  uniform  di# 
recdon  to  the  currents  which  have  driven  this  debris  before 
them ;  but  they-appear  in  every  instance  to  have  flowed  (which  - 
indeed  must  of  necessity  be  the  case  with  the  currents  of.  Sub-^ 
siding  waters)  as  they  were  determined  by  the  configuration  of 
the  adjoining  country ;  from  the  mountains,  that  is,  towards  tlud 
lower  hills  and  plains.  As  far  as  Englahd  is  c<mcemed,  this 
principle  will  produce  a  general  tendency  to  a  direction  fron. 
north  and  west  towards  south  and  east,  greatly  modified- howf- 
ever  by  obvious  local  circumstances. 

.  Another  circumstance  connected  with  the  distribution  of  these  '"- 
trt^velled  fragments  is,  that  we  often  find  them  in  masses-of 
considerable  size,  accumulated  in  situations  now  separated  bj 
the  intervention  of  deep  vallies  from  the  parent  hills  (if  we  may 
sor  speak)  whence  we  know  them  to  have  been^tom.  -.This  ap* 
pears  to  be  a. demonstrative  proof  thai  these  intervening  Tallies 
must  haTC  been  excavated  subsequently  to  the  transportation  of 
these '  blocks ;  for  though  we  can  readily  conceive  how  the 
agency  of .  violent  currents  may  have  driTon  these  blocks,  down 
an  inclined  plane,  or,  if  the  Tis  a  tergo  were  sufficient,  along  a 
leTel  surfiiice,  or  OTen  up  a  Tery  slight  and  gradual  accliTity,  it 
is;&tipbssible  to  ascribe  to  them  the  Sisyphean  labour  of  rolling 
rocky  masses,  sometimes  of  aoany  tons  in  weight,  up  the  face  of 
abrupt  and  high  escarpments.  The  attention  of :  geologists  was 
first  directed  to  this  phoenomenon  by  the  discoveries  of  Saussure, 
who  noticed  one.  of  its  most  striking^  cases — ^the  occurrence  of 
massive  fragments,  torn  from  the  primitive  chains  of  the  Alps, 
scattered  at  high  levels  on  the  escarpment  of  the  opposite  ad« 
careous  and  secondary  chains  of  the  Jura,  although  between  tlie 
two  points  the  deep  valley  containing  the  lake  of  Geneva  is  in-  ^ 
terposed.       .  : 

The  occurrence  of  cdossal  blocks  of  granite  scattieredover^ 
the  plains  of  northern  Grerraeny,  which  may  be  traced  up  to  the 

*  See  some  ^cellent  obferyations  on^  diluvial .  giavel :  appended  by  Pro- 
fi^f9or  Buckland  to  his  memoir  on„the  Lic)^  quartz  rock,  whence  much 
of  th^  gravel  of  the  midland  counties  seems  to  have  been  derived.  (Q.  T. 
vol  5.)  ^       - 
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icatidiinn4i&'cliafai8  on  tbe  opposite  sid^  of  the  great  gulf  otScii* 
pled  by  the  Bakio,  is  a  well  known  instance  of  the  same  lund* 

It  is  tnie  indeed  that  in  these  two  cases  partial  solutions  of  tho 
problem  have  *  been  attenptedt  by  supposing  that  these  blocks 
may  have  been  drifted  across  im  Ice-bergs;  yet  even  witb  re« 
gard  to  the  dase  of  Uie  9hores  of  the  Baltic  we  see  nothing  slmi** 
lar  occmring  in  the  actual  (^der  of  tyngs,  and  with  regard  to 
Uiat  presented  by  the  Jura  the  hypothesis  seems  to  destrby  Itself  | 
^•rif  theaurfacb  of  the  ocean  i^ere  ther^  raised  to  the  ievel  at 
which  these  blocks  are  found  (although  under,  present  cireum^ 
stances  ice-bergs  might  exist  in  a  rlyer  flowing  at  that  level)^ 
yet  with  the  general  rise  of  the  ocean's  surface,  the  body  of  the 
atBBiosphe^  and  the  lines  of  temperature  would  of  necessity 
rise  also,  and  ice-bergs  could  not  oust  in  an  ocean  under  thi^ 
kUtnde* 

But  In  truth  this  phoenomenon  is  one  of  very  common  occnr^^ 
rence,  and  is  exhibited,  though  on  a  less  striking  scale,  on 
almosi  every  chain  of  hills  throughout  England,  under  circum* 
stances  which  admit  of  no  escape  from  the  obTtous  Inferences 
first'  stated.  The  chain  of  tlie  middle  oolites  in  Oxfordshire, 
Tor  instance,  is  eJBteinsively  covered  through  fiagley  wood  with 
ddMPis  from  almost  every  class  of  rocks  from  the  transition 
^ries  to  chalk,  and  ai^odg  them  many  blocks  of  great  si2e  and 
weight  occur.  Farey's  list  of  the  insulated  hills  in  Derbyslnne^ 
having  gravel  scattered  over  their  surface,  affords  many  similar 
Instances.  The  downs  surrounding  Bath,  (Hampton  Down  for 
example),  though  abruptly  jcarped  iwd  surrounded  by  vidlies 
more  thsm  600  feet  deep,  have  yet  on  their  very  summits  flints 
transported  from  the  distant  chalk  hills ;  but  it  is  unnecessary 
to  multiply  examples  farther.  The  simplest  explanation  of  tfa^ 
fcct  will  be,  that  thes^  fragments  were  transported  by  the  first 
action  of  the  currents,  before  they  had  effected  the  excavatioii 
•f  the  vallies  now  cutting  off  all  conimunication  with  the  native 
rocks  whence  they  were  derived.  In  some  instances  also  it 
may  appear  that  these  transported  masses  have  not  accom^ 
plished  their  whole  journey  at  once,  but  may  have  been 
detached  by  some  of  those  eariier  convulsions  to  which  the 
conglomerate  beds,  associated  wirii  so  many  of  the  formations^ 
must  be  ascribed;  and  having  reposed  in  these  strata  for  a 
time,  have  been  washed  out  ^resh  and  moved  forwards  to  a 
nefw  destination. 

The  organic  remains  of  land  animals  dispersed  through  this 
diluvial  gravel  have  been  already  mentioned  :  they  must  with 
the  highest  probability  be  refeired  to  the  races  extinguished 
by  the  great  convulsion  which  formed  that  gravel ;  maoy  of 
them  are  of  species  still  inhabiting  the  countries  where  thciy 
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tre  thAi  fbttnd ;  iome  of  tlie  species  now  only  Italiatiitiiig  6the^ 
cHmates,  tuld^M»iie  leir  of  i^ecies  and  genera  now  entirely  uti^ 
kno^n. 

To  the  same  pe!^^  we  may  ascribe  the  bones  of  the  samd 
ipedes  &ith  the  aboveytonttd  in  many  cayerns ;  but  in  many  df 
thos^  iastances  it  i^  probable  that  some  of  the  animals  non^ 
fdmoA  there^  previously  inhabited  them  as  theii*  dens.  Prof^soi* 
Bockknd  appears  satisfactorily  to  liave  proved  that  this  must 
have  been  the  case  in  the  remaricable  instance  of  the  cavern 
lately  discovered  near  Kirby  Moor  Skde^  Yorkshire.  Here  thd 
remains  found  in  the  greatest  abundance  are  those  of  hjienas  ; 
With  these  are  faingled  fragments  of  vmriotts  animals,  from  the 
mammoth  to  the  water  rat,  all  the  bones^  present  evident 
traces  of  having  been  tnangled  and  gnawed,  and  the  whole  are 
buried  in  a  sediment  of  mud  subsequently  incrusted  over  bf 
stalactitiCal  depositions.  Mr.  Buckland's  explanation  is,  diat 
this  cavern  was  occupied  by  the  hyaenas;  who,  according  td 
the  known  habits  of  those  animals,  partially  devoured  evetf 
the  bones  of  their  prey,  and  dragged  them  for  that  purpose  t# 
their  dens  :  around  their  retreats  a  similar  congeries  of  mangled 
bones  has  beeil  noticed  by  recent  travellers.  The  proofs  of 
these  points,  deduced  from  the  circumstances  of  the  cavern^ 
tiler  state  of  the  bones,  and  the  ascertained  habits  of  the  knU 
teals  in  question,  appear  to  be  decisive ;  the  sediment  in  which 
the  bones  are  imbedded,  and  the  occurrence  of  the  remain^ 
of  the  mammoth,  and  other  species  only  known  (in  J:heSe 
climates  at  least)  in  a  fossil  state  in  the  diluvial  gravel,  cleariy 
refer  their  remains  to  the  same  «ra. 

Caverns  containing  bones  of  a  similar  class  (the  mammoth,^ 
the  fossil  species  of  rhinoceros,  &c.)  have  been  found  nea# 
Swansea,  at  Hutton  hill  (on  the  Mendip  chain  in  Somersetshire), 
|md  near  Plymouth. 


§  12.  We  have  finally  to  examine  the  local  changes  which 
have  taken  place  subsequently  to  this  last  great  and  general 
convulsion,  and  which  still  continue  to  take  place  under  the 
influence  of  the  order  of  causes  at  present  in  actual  operation; 
In  these  we  may  often  observe  a  balanced  and  compensated 
effect  of  destruction  and  renovation ;  for  instance,  in  the  most 
powerful  of  these  causes — the  agency  of  the  sea  upon  the 
coasts, — we  find  the  headlands  and  projecting  promontories 
undermined  and  washed  away  by  the  waves,  towards  which 
their  fiectu>ns  present  in  consequence,  scars  of  mural  cliffs:  but 
the  itiaterials  thus  absorbed  are  usually  thrown  up  again  and 
constitute  extensive  tracts  of  newly  formed  marsh-land  dlong 
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the  less  exposed  points  of  ^he  coast;  In  part  also  {oTtavBg^^w 
bauKs  and  shpais  in  the  adjoining  cbaiinel  of  the  sea.  The 
agency  of  rivers  is  of  a  similar  description  ;  these,  when  theft 
higher  branches  assume  the  force  of  wintry  torrents,  carry  away 
sometimeji  in  considenible  quantity  the  looser  materials  of  Jthe 
soil  throMgh  which  they  riish,  but  they  deposit  these  materials 
agaiB  in  the  formation  of  allavial  flats  and  deltas  near  their 
months.  The  action  of  atmos{Aeric  causes,  the  frost  by  riftii^ 
and  detaching  p^Mrtions  of  the  outer  surface  of  rocks,  and  the 
rain  hy  washing  the  finer  parts  away,  either  contribute  to- ihe 
agency  of  the  torrents,  or  accumulate  the  fragments  d^acbed 
in  vft.  slope/  or  talns^  of  debpis,  at  the  fopt  of  the  hills  whence 
they  are  derived.* 

,  These  actions,  h(>wever,  appear  to  be  circumscribed  within 
lery  nan^ow  limits ;  over  a  great  pi^rt  of  the  earth's  snrfaoe 
the,  inflqence  of  the^e  wasting  causes,4s  absolutely  npll,  the 
.  mantle  of  green-sward  that  invests  it  being  an  effeciual  pro* 
tection*  The  barrows  of  tiie  aboriginal  Britons,  after  a  lapse 
of  certainly  little  less,  and  in  many  instances  probably  move,^ 
than  two  decads  of  centuries,  retain  very  generally  all  the 
priMine  sharpne^  of  their  outline ;  nor  is  the  slight  fosse  that 
sometimes  sni^ronnds  them  in  any  degree  filled  up.  Cau«^ 
then,  which  in  two  thousand  years  have  not  afleqted  in^apy 
perceptible  manner  these  small  tumuli,  so  often  scattered  in 
very  exposed .  situations  over-  the  crests  of  our  hills,  can  have 
ejcertpd  no  very  great  mflnence  on  the  mass  of  those  hills  the«« 
selves  in  any  assignable,  portion  of  time,  which  even  the  imagi* 
nation  of  a  theorist  can  allow  itself  to  conceive ;  and  where 
circumstances  are  favorable  to  a  greater  degree  of  wa^,  still 
there  Js; oft^n  a  tendency  to, approach  a . maximum  at  whidi 

<        ■  ■ ' -  ■      '      . 

*  The  results  oi  these  causes,  that  is  to  say  the  alluvial  deltas  formed  at 
the  mouth  of  rivers,  and  the  tiyius  of  det^ris  accumulated  at  the  foot  of 
precipices,  may,  from  observations  of  their  known  increase  within  certain 
pedods,  be  submitted  to  a  species,  of  retrograde  calculation,  by  which  we 
may  reason  as  to  the  length  of  the  total  period  during  which  these  causes 
have  operated  under. their  present  conditions;  or  (in  other  words)  :the 
pe(»od  which,  has  elapsed  .since  the  last  great  convulsion  which  has  given 
to  our  continents  their  present  general  fomu'  For  instance,  the  alluvial 
tract  at  the  mouth  of  the  Po  has  been  ascertained  by  observation  to  have 
8  regular 'rate  of  increase  in  a  century,  and  the  line  where  this  tract  be- 
gins, asainst  what  must  have  been  the  original  coast,  is  capable  of  being 
deterauned:  these  dataafibrd,  it  is  obvious,  sufficient  nrounds  for  calcu- 
lating the  length  of  time  requisite  to  produce  the  wh^e  of  this  alluvial 
tract,  and  it  is  satisfactory  to  observe  that  the  period  thus  deduced,  agrees 
with  that  assi^ble  to  the  dekige  recorded  by  the  intoired  historian; 
These  and  sinular  i^oenomena  have  been  desi^^nated  by  Be  Luc  at  gee^ 
Ipekal  chronometers*  •  M*  Cuvier  has  a  very  .imeresting  cluq[>ter  on  this 
tubject.  '  '    ^ 
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&rther  waftte  will  be  checked ;  the  abrupt  cliff  will  at  last  be« 
cpme  a  slope,  and  that  slope  become  defended  by  its.grassjr 
coat  of  proof.   It  should  appear  that  even  the  action  of  the  sea, 
certainly  the  most  powerful  and  important  of  all  those  we  have 
sarveyed,-  has  a  similar  tendency  to  impose  a  limit  to  its  owa  . 
rfiTages.  It  has  obviously  in  many  instances  formed  an  effectual 
biurrier  against  itself,  by  throwing  up  shingle  banks  and  marsh 
I^odB  in  the  face  of  cliffs  against  which  it  once  beat ;  and  after 
the  destruction  has  been  carried  to  a  certain  point,  it  appears 
necessary  from  the  mode  of  action  (excepting  where  very  pow^ 
erful  currents  interfere)  that  the  very  materials  resulting  from 
the  ruin  should  check  its  farther,  encrease :  even  where  these 
currents  exist,  these  also  have  a  tendency  to  throw  up  barriers 
of .  shingle  in  their  eddy.     Historical  records,  and  the  very, 
nature  and  physical  possibilities  of  the  case,,  alike  compel  u^ 
to  dissent  entirely  from  those  crude  and  hasty  speculation^  ' 
which  would  assign  to  the  causes  now  in  action,  the  power  of 
producing. any  very  i^aterial  change  in  the  face  of  things ;  iind 
which  would  refer  to  these  alone,  actii^g  under  their  present, 
conditions,  and  with  only  their  present  forces,  the  mighty 
operations  which  have  formed  and  modified  our  continents. 
^  It  is  a  curious  object  of  enquiry  arbing  from  this  subject,; 
WFhether  the  materials  thus  carried  into  the  sea  have  produced ; 
9fkj  effect  on  its  level.     The  materials  derived  from  the  de*.: 
structipn  of  lofty  cliffs  by  the  waves,  having  been  deposited  in^ 
the  formation  of  low  marshes,  roust  of  course  occupy  a  greater, 
sui^face  in  the  latter  than  in  the  former  condition ;  and  if  thej, 
have  formed  banks. in  the  shoal  waters,  the  same  consequence 
&i|ust  have  resulted ;  so  that  the  sea  must  in  either  case  have 
lost  more  room  by  the  diffusion  of  the  materials,  than  it  can. 
have  gained  by  encroaching  on  the  cliff;  to  this  must  be  added 
the  materials  brought  down  to  the  sea  coast,  and  there  deposited 
by  rivers ;  so  that  it  cannot  be  doubted  but  that  the  basin  of, 
t^e  ocean  must,  by  the  combined  action  of  these  causes,  been 
in  some  degree,  (however  trifling  that  degsee  may  be)  narrowed. 
If  therefore,  as  seems  probable  or  rather  indeed  certain,  the 
quantity  of  t,  its  level  cannot . 

but  have  b  ion  of  the  super- 
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effect. can  (  being  so  small  in 

proportion  i  cean,  and  the  area 
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Purfleet,  at  several  points  along  the  sonthem  coast,  in  the 
Bristol  channel,  at  Blue  Anchor  near  Dnnster,  and  at  Shnrtoa 
bars  and  Stolford,  -where  thej  have  been  accurately  described 
by  Mr.  Homer  (Geol.  Trans.  toI.  3) ;  at  NewgiH  Sands,  Pern- 
birokeshire ;  on  the  Lancashire  coast,  &c.  &c.  It  is  evident  hi' 
many  of  these  instances  that  the  trees  hare  not  been  drifted  to 
their  present  place,  but  have  grown  where  they  now  are  found, 
trace  not  only  are  the  remains  of  their  stems  in  an  upright 
direction,  but  the  roots  may  often  be  traced  spreading  in  an 
undisturbed  position  through  the  substratum. 

In  many  instances  we  find  Tallies  opening  towards  the  sea 
ifhich  have  evidently  once  been  aestuaries,  corapdetely  filled  up 
by  these  depositions,  and  the  phoenomena  they  present  are 
often  interesting.  Usually  the  bottom  is  coarse  gravel,  uplm 
which  rests  a  finer  silt;  often  one  or  more  beds  of  vegetable 
matter  alternate  with  the  silt ;  it  appears  that  these  have  been 
derived  from  drift  wood,  which  has  floated  into  the  ttstuary, 
become  saturated  with  water,  or  as  It  is  called  water»logged, 
and  perhaps  covered  by  alluvial  debris,  drifted  on  its  surface 
by  the  wintry  torrents,  and  thus  sunk.  Bones  of  animals,  and 
sbmetimes'of  men,  and  rude  implements  of  att,  have  been 
found  among  these  accumulations,  having  drifted  probably^ 
upon  the  wood.  The  stream-works,  as  they  are  called,  of 
Cornwall,  are  evidently  aestuaries  thus  filled ;  in  these,  rounded 
fhigments  of  tin  ore  are  sufficiently  abundant  among  the  gravel 
which  forms  the  bottom  bed,  to  render  the  laying  open  these 
deposits  aj^rofi table  speculation;  some  interesting  sections  of 
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J^^.9i»ms^M9tmda  will  be  foimd  in  theihird  tolame  e|f 
j^  Geological  TransactioDS.  • 

.  The  tract. uroand  ^oveyTiacey  ia  Devon,  nvhich  exhi^i? 
Hev^nU  beds  of  wood-coal,  alternating  with  the  allnvigl  oebrj^ 
jof  fTanitic  rocks,  is  another  instance  of  such  an  estuary^  . 
,  The  formation  of,  peat  bo«»  is  another  of  the  geological 
■changes  in  actual  progress.  Dr.  Mac  Culloch  in  a  most  abl^ 
P^iper  published  in  the  Edinbuifh  Philosophical  Journal,  fof 
1990,  \m  treated  this  8ul]ject  in  the  most  precise  and  satisfkcf 
lorj  manner:  he  considers  peat  bogs  as  divisible  (from  .fk^ 
consid^jf^tip^  of  the  vegetables  which  compose  them^  and'tl|e 
^causes  which  cpnc^r  in  their  formation)  into  the  following 
varieties j^  mouojtain,  marsh,  forest,  lake,  and  marine  peat;  i^ 
the  progress  of  the  work  we  shall  have  occasion  to  expl^ 
i^ore  fallj,  and  to  applj  his  principles.  The  formation  ^f  pent 
tiogs  often  occasion,  or  at  least  materially  contribute  to,  the 
|>artial  fiUmg  up  of  lakes,  the  extension  of  marsh  lands  along 
4he  coast j  &g.  Much  valuable  information  concerning  ibJ^ 
processes  may  be  found  in  De  Luc's  Travels  in  the  nosthW 
JSurope.  •         ' 

The  vaaterials  accumulated  in  alluvial  districts  are  usually  in 
a  loose  for^,  as  lefand,  marie,  and  clay.  The  formation  of  com*> 
pact  rocky  masses  is  of  more  rare  occurrence ;  under  favorable 
jl^ircumstances,  however,  and  especially  along  the  coast,  sand- 
stones are  fo«med  ft'om  the  consolidation  of  the  drift  sand,  and 
where  the  oxide  of  irpn  is  present  to  act  as  a  cement,  the  pro* 
,cess  goes  on  rapidly  i  the  northern  coast  of  Cornwall  afford^ 
extensive  examples  of  this  process  (see  vol.  1  of  the  Cornish 
<76<dogical  Transactions).  Paptain  Beaufort  describes  a  line  of 
petrified  beach  as.  extending  along  various  points  of  the  coast  of 
^CaramaDia ;  the  samie  thi^g  is  common  in  the  Bahama  Isands^ 
and  the  human  skeleton  brought  from  the  beach  at  Guada« 
loupe,  and  preserved  in  the  British  Museum,  was  imbedded  im 
&  mass^^f  this  descriptiont*:  it  ia  unnecessary  to  add  that  ma« 
rine  remans  are  commonly  dispersed  through  rocks  of  thi9 
4e^pription;  occasionally  comminuted  shells  form,  almost  tl^ 
^tire  mass,  in  which  case  the  rock  is  of  course  calcareous :  .9. 
jieai"  resemblance  to  some  of  the  oolites  may  also  b^  observed  in 
khese  recent  formations.  Calcareous  rocks  are  often  also  d^ 
posited  from  the  waters  of  existing  rivers  or  lakes  in  large 
inasses.  The?  celebrated  Travertino  of  Rome  Js  thus  formed, 
and  Germany  affords  ^me  similar  instances*  The  deposits^of 
petrifying  waters,  such  as  the  Baths  of  San  Filippo,  the  stalac- 

h'».  <«  Thi^  cf  ciHireBce  of  the  Bulimus  trifiaaciate?*  a  very  con^moa  W^ 
tndUn  shell,  m  (bis  mass,  stroi^ly  iiulicates  its  modern  formation.** 
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among  the  Azores  in  1628,  and  Terj  recently^in  ISll. 

By  the  same  cause  extensive  districts  are  covered  with  thick 
beds  of  volcanic  ashes ;  those  resulting  from  successive  erup- 
tions heing  regalarlj  disposed,  stratum  super  stratum,  and  over^ 
flowed  by  long  currents  of  lava,  or  sometimes  by  streams  of 
ejected  mud.  Mapkenzie's  and  Henderson's  travels  in  Iceland, 
Fortis,  Spallanzani,  Dolomieu,  and  Ferrara  in  Italy  and  Sicily, 
and 'Humboldt's  in  South  America^  should  be  referred  to  on 
these  heads. 

Closely  connected  with  volcanic  phoenomena  are  those  of 
eaAhquakes.  These  often  produce  subversions  of  the  strata, 
which  represent,  though  on  a  smaller  scale,  and  may  perhapi 
account  for,  those  grand  dislocations  and  derangements  which 
we  generally  observe  in  the  beds  composing  mountain  chains. 
See  particularly  the  description  of  the  Effects  produced  by  the 
great  earthquake  in  Calabria. 

The  agency  of  volcanic  powers  appears  to  have  been  much 
more  extensive  at  an  earlier  period,'  even  under  the  existing 
order  of  things,  and  subsequently  to  the  last  great  convulsion 
of  the  Earth's  surface,  than  they  are  at  the  present  moment ; 
for  "w(B  observe*  craters  now  extinct  of  the  moist  indisputably 
character^  which  have  covered  with  showers  of  scoriae  many 
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c<Mmtrie8  of  Edrope^  at  present  remote  from  any  attire  Tokmo^. 
Suck  craters  are  found  in  AuTeifne^  on  the  Rhine  between 
Bonn  and  Andefnach,  in  Hungary,  md  along  the  west  sidib  of 
Italy,  where  YesuTius  alone  stiU  retains  its  energy.  In  ail 
tiiese  instances  the  fact  that  the  currents  of  lava  and  showers  of 
ashes  have  descended  the  present  Tallies,  proves  the  actiyity 
of ^  these  Volcimos  subsequently  to  the  complete  excavati<m  oi 
thoee  vallies.   \  .  ' 

-Another  actual  cause  of.  change  operating  on  the  surface  of 
the  planet,  is  one  which  we  can  scarcely  include  amoog  geologw 
cal  phoenomena,  and  which  it  yet  seems  necessary  to  mention 
hk  order  to  present  a  complete  riew  of  those  changes :  we  allude 
to  the  coral  reefs  and  islets  formed  in  the  midst  of  the  Pacific 
ocean  and  some  other  seas,  by  the  minute  but  combined  labours 
6i  milliims  of  marine  zoophytes.  The  following  extract  from 
Kotzebue's  voyages  (as  cited  in  the  Quarterly  Review)  gives 
the  latest  and  perhaps  the  best  view  of  this  interesting  subject*  * 
^^  As  soon  as  it  [the  ridge  or  reef]  has  reached  such  a  height, 
that  it  remains  almost  dry  at  low  water,  at  the  time  of  ebb,  the . 
corals  leave  off  building  higher;  sea-shells*,  fragments  of  corals^ 
sea  hedge-hog  shells,  and  their  broken  off  prickles  are  united 
by  the  burning  sun,  through  the  medium  of  the  cementing  cal- 
cc^eous  sand,  which  has  arisen  from  the  pulverisation  of  the. 
above-mentioned  shells,  into  one  whole  or  solid  stone,  which, 
strengthened  by  the  continual  throwing  up  of  new  materials, 
gradually  increases  in  thickness,  till  it  at  last  becomes  so  hi^h^ 
that  it  is  covered  only  during  some  seasons  of  the  year  by  the 
high  tides.  The  heitt  of  the.  sun  so  penetriites  the  mass  of  stoiie 
when  it  is  dry,  that  it  splits  in  many  places,  and  breaks  off  in 
flakes.  These  flakes,  so  separated,  are  raised  one  upon  another 
by  the  waves  at  the  time  of  high  water.  The  always  active  surf 
throws  blocks  of  coral  (frequently  of  a  fathom  in  length,  and 
three  or  four  feet  thick)  and  shells  of  marine  animals  between 
aOfl  upon  the  foundation  stooes ;  after  this  the  calcareous  sand 
lies  undisturbed,  and  offers  to  the  seeds  of  trees  and  plants  cant 
upon  it  by  the  waves,  a  soil  upon  which  they  rapidly  grow  to 
overshadow  its  dazzling  white  surface.  Entire  trunks  of  trees, 
which  are  carried  by  ttfe  rivers  fronfi  other  countries  and  islands^ 
flyod  here,  at  length,  a  resting  place,  after  their  long  wander* 
ings  :  with  these  come  some  small  animals,  such  as  lizards  and 
insects,  as  the  first  inhabitants.  Even  before  the  trees  form  a 
wood,  the  real  sea-birds  nestle  here ;  strayed  land-birds  take 
refuge  in  the  bushes ;  and  at  a  much  later  period,  when  the 
work  has  been  long  since  completed,  man  also  appears,  builds 
Ji|s  hut  pn  the  fruitful  soil  formed  by  the  corruption  of  the  leave? 
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*  Pliny*  Hist.  Nat.  lib.  2.  81  ad  86.  Aristotle,  Met^ordogica.  lib;  te. 
14, 15, 16.  Lucretius,  lib.  6.  Seneca,  Nat.  quxst.  a  cap.  4.  Plutarch  de 
Placitis,  I^hilos.  lib.  3. 

+  Pliny,  lib.  2.  87.  Aristotle.  Meteor,  lib.  1,14.  Herodotus,  lib.  2.  in 
Initio.  Folybius  gives  an  interesting  account  of  the  increase  oi  alluvial 
-deposits  in  the  Palus  Moeotis  (lib.  4).  Strabo  mentions  the  volcanic  ior- 
niation  of  a  new  mountain  of  enormous  height  in  the  neighbourhood  of 
Methone.  (£d.  Ab.  torn.  1*.  p.  102.) 
I  Pliny,  lib.  2.  88.  89. 
Ij  Pliny,  lib.  2.  90.  92.  94. 

$  Pausanias  (Attica)   describes  r  quarry  et  ^diell  limestone,  AI€K)X 

example  of  this  kind  of  stone  in 
white^  i^id  quite  full  of  shells.-^ 
once  mentions  temples  and  othef 
The  professed  writers  on  minerals, 
Theopbrastus  mentions  an  ostra* 
clear  whether  he  meant  an  organic 
lil  of  the  same  name  that  it  had  tine 
bes  under  various  fanciful  names. 
Ammonites,  Echinites,  Encrinites, 
s  not  betray  any  suspicion  Of  their 
the  occurrence  of  fossil  bone^  and 

Qgs  in  support  of  this  are  deduced 
u  partially  subject  to  a  cliange  Uke 
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Ovid  aldne^  pdrlkaps^  alleged  it  with  thU  fieW  amengtke  illas- 
tfatl6iis  df  the  above  doctriDe,  which  h<B  lite  put  into  the  mouth 
pf  Pythagoras ;  his  wei'ds  have  beea  so  frequently  cited,  that  it 
is  almost  unnecessary  to  repeat  them. 
«  Vldi  factas  ex  aequore  terras, 
£t  procul  a  pelago  conchae  jacuere  marinae.^ 
In  some  of  their  general  physical  notions  we  may  almost  fancy, 
we  see  the  ^erm  of  more  modern  theories ;  thus  that  of  the 
displacement  of  the  sea,  afterwards  adopted  and  adorned  by. 
J&iffoiij  may  be  traced  in  Aristotle,  who  appears  to  have  con- 
sidered it  as  a  periodical  revolution  of  nature ;  ^  and  the  wild 
but  splendid  conception  embraced  by  many  qi  their  schools, 
but  particularly  by  the  Stoics,  that  the  Earth  had  experienced^ 
frequent  destructions  and  renovations  from  the  agency  of  igneous 
devastations  (ecpyroses)  and  inundations  (cataclysmi)  recurr« 
isg  after  intervals  of  distant  ages,  reminds  us  in  so  many  re- 
spects of  the  Huttonian  theory*  that  we  might  almost  suppose 
it  to  have  been  adopted  from  the  consideration  of  the  same, 
natural  appearances :  but  it  is  more  consistent  with  the  general 
genius  of  their  philosophical  speculations  to  believe  that  it  was 
deduced  from  the  principles  they  assumed  on  the  high  priori 
road,  than  introduced  by  any  train  of  inductiTe  reasoning 
grounded  on  obse^atioh. 

dot  from  youth  to  age,  by  which  its  moistiire  dried  up ;  from  the  earlier 
habitation  of  the-cTties  in  the  upper  than  lower  regions  of  Egypt  and 
Oreece;  the  formation  of  the  former  in  great  part  from  the  Nile;  the  gra* 
dual  filling  up  the  Faius  Moeotis,  &c.  and  the  necessity  that  such  changet^ 
though  unobseiVabie  to  the  eye  of  ihan  which  contemplates  but  a  moo^t, 
must  yet  take  place  in  the  lapse  of  time,  which  he  believed  to  be  of  infinite 
duration.    Meteorologica.  1.  1.  14. 

%  ex,  out  r»  fAtf  yn  rat  ^i  OccXafla  ^tartXtt  ^»rtA  rw  xF^mv  a^Xc 
ytynrat  OatXatfla  fAtv  ov8  yif ovr  ey^«  h  wv  OxXaflx  vahtv  ifrav^ai  yn* 
xara  /a»to<  r«a  ra^tt  wi^t^tiv  yj^  rrnxna.  mu  7nfio^9f,   Meteor.  L 1. 14. 

♦  See  particularly  Lipsius  de  Physiologia  Stoicornm.  This  writer  quotes 
the -following  passage  from  Censorinus,  a  philosopher  of  that  school: — 
Est  preterea  imnus  quern  Aristoteles  maximum  potius  quam  ma^um  ap« 
^dhtt,  quern  sdis  Sl  lunx  vagammque  stellarwn  orb«s  conficiunt,  cum 
ad  idem  signum  ubi  quondam  simul  fuerant  una  revertuntur.  Cujus  anni 
hiems  summa  est  Cataclysmus  quem  nostri  diluvionein  vocant;  aestas  autem 
Scpyroiiis  quod  est  mundi  incendium.  Nam  his  altertiis  temporibus  mun^^ 
4ns  turn  exignesere  turn  exaquescere  videiur.  The  reader  who  wishes  for, 
a  fuller  account  of  this  doctrine,  may  be  referred  to  a  chapter  dedicated  to. 
its  investigation  in  Dr.  Prichard*s  Egyptian  Mythology,  which  ably  con- 
denses ail  the  collections  of  Lipsius,  and  to  which  we  are  indebted  for  the 
i^bove  quotation.  The  whole  of  Dr.  Prichard*&  work  is  a  model  of  judin 
cious,  sober,  and  philosophical  criticism,  applied  to  subjects  where  we  ar^ 
aficuftftmed  to  meet  only  with  extravagant  conjectures,  and  still  morerCX-. 
travagant  etymcflogies. 
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%\  INTRODUCTION. 

among  the  ancients 
I  an  interestiog  paper 
dlume  of  the  Cornish 

s  appear  to  have  co|- 
i  first  fonadation  of  a 
1  by  Avicenna  at  the 

ng  noticed  the  occur- 
t  country  at  an  early 
ig  these ;  and  in  the 

ri  proposed  the.hypo- 
oiight  originally  have 
t,*  as  a  means  of  ac- 
nd  aiid  sea  indicated 
7y  enters  largely  into 
omena  are  such  that 

by  a  transient  con- 
jr,  a  French  writer  in 
by  Fontenelle  as. an 
lar  observations ;  but 

vho  flourished  during 

published  on  several 

branches  of  Mineralogy ;  in  particular  he  has  illustrated  in  a 

full,  precise,  and  clear  manner,  the  various  phcenomena  of 

metallic  veins. 

.  Before  the  close  of  that  century,  an  Englishman,  George 
Owen  of  Pembrokeshire,  left  behind  him  a  very  valuable  manu-' 
script  work  on  the  topography  of  his  native  county.  In  this  he 
has  traced  with  much  accuracy  the  direction  and  extent  of  the ' 
strata  of  coal  and  the  limestone  which  accompanies  them  through 
the  whole  of  South  Wales,  and  pointed  out  the  connections  of 
this  tract  with  similar  districts  in  Gloucestershire  and  Somer- 
setshire. This  appears  undoubtedly  the  earliest  attempt  to 
establish  the  important  and  fundamental  geological  fact,  that 
the  same  series  of  rocks  succeed  each  other  in  a  regular  order 

-  *  A  similar  notion  found  an  advocate  in  Voltaire,  who  even  believed  in 
the  wild  tradition  of  the  Egyptians,  that  the  Sun  h^kd  twice  risen  in  the  tved 
within  the  memory  of  that  natioh,  ascribing  this  to  a  supposed  revolution* 
oi  the  Earth's  axis  round  one  of  the  equatonal  diameters,  which  he  imagi-  - 
ned  was  completed  in  four  millions  of  years.  It  is  needless  to  add  that 
astronomical  observation  does  not  afford  the  slightest  ground  for  these* 
extravagant  speculations ;  the  real  change  of  the  obliquity  of  the  ecliptic  it- 
^  a  phoenomenon  arising  from  causes  of  a  very  difierent  nature :  it  is  a  secu* ' 
lar -variation  confined  within  very  narrow  limits,  and  inadequate  to  account 
for  any  geolog^ical  appearances.  -         .  ^      ^ 
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4bf^tigb6ut  extenaliYe  tracts  bf  country,  and  tb  ^Ititidate  th^ 
geological  structure  thu&  indicated ;  but  hi^  work  hkviiig  cou'- 
'^ued  In  manuscript  till  retentlj  published  in  the  second 
Tolume  of  the  Cambrian  Register,  remains  a  striking  instance 
of  tho^e  anticipations  of  subsequent  drscoveries  which  m^f 
'often  be  noticed  in  the  history  of  science,  but  can  in  no  degree 
likve  contributed  to  fbrward  them.  * 

During  the  seyenteenth  century  we  find  little  but  theoretical 
writers,  like  Burnet,  without  observation,  or  collectors  without 
general  views.  Among  the  collectors,  however,  Woodward 
deserves  very  honorable  ihention.  Whife  he  enriched  one  df 
our  Universities,  Cambridge,  Llwydd  labored  to  rival  him  at 
tbe  other.  Uwydd  appears  to  have  been  acquainted  partially. 
mt  least,  with  the  occurrence  of  particular  shells  in  particulkf 
strata ;  having  observed  that  the  same  varieties  of  Echini  ar4 
peeulialr  to  the  chalk  of  England  and  the  ndrth-east  of  ^reland. 

But  Lister  chiefly  demands  our  notice  in  this  century,  havinfr 
treen  undoubtedly  the  first  proposer  of  regular  geological  maps^. 
(See  Philosophical  Transactions  for  1684.)  The  very  idea  of 
this  proposal  indicates  an  acquaintance  with  the  regularity  of 
Ideological  structure  prevailing  over  extensive  districts ;  it  doe^ 
Hot  appear  that  he  ever  carried  his  design  into  execution,  biit 
fie  illustrates  it  by  mentioning  the  divisions  he  would  hav6 
adopted  for  Yorkshire,  and  a  map  coloured  according  to  these 
divisions  would  afford  a  fair  delineation  of  its  true  structure". 
He  also  shews  that  he  was  well  acquainted  with  the  efxtent  of 
^he  chalk  formation  in  this  island  and  France ;  and  from  som^ 
of  his  notices,  it  farther  appears  that  he  had  recognised,  al 
ieast  in  one  particular  instance,  the  distinction  of  strata  b^ 
their  organic  remains.  ^ 

Early  in  the  following  century  we  find  the  occurrence  of  ttih 
chalk  and  sandy  hills  in  parallel  zones  in  Bedfordsl)ire,' observed 
•irjr  Holloway  (Philosoph.  Trans,  for  1723);  and  ^he  same  ^act 
«till  more  ably  illustrated  by  a  maStetly  description  of  th^ 
triple  range  of  hills  of  chalk,  of  Kentish  rag  stone,  and  of  claV 
traversing  the  county  of  Kent,  by  Mr.  Packe,  tiuthor  o(  \ 
chorographical  chart  of  East  Kent,  published  1730.  AboUt 
tjbe  same  period,  Mr.  Sti^hey,  in  a  series  of  commuhicatiotars 
to  the  Royal  Society,  hitd  well  described  thfe  coal-district  of 
Somelvet^hire.  He  irot1ces>  the  inclined  positibn  of  the  caf?. 
boniferoas  strfttii,  and  the  horizontal  direttion  of  th^  beds  df 
tkA  ground  and  lias  which  coVer  them ;  his  secti6ns  also  demon* 
'Hitktie  that  hie  was  acqu^iiite4 .  vith  the  regulafr  snxicesston  6f 
lidUi  in  this  district,  namely,  chUk,  ff^e^ton^  (Bath  oolite), 
i^lf  grl^und,  e»il#ineasures  metalliferous  limestone  6f  M#tid^ 
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jbc:  li«  liowe?er  explaias  it  oo  an  absurd  priQciple,'  vih\c\k 
must  have  prevented  his  applying  it  to  any  general  pqrpose.  •, 
As  we  approach  the  middle  of  the  eighteenth  century,  w^ 
£nd  the  scattered  rays  of  information,  which  alone  can  be.div 
cerned  previously,  converging  into  a  more  condensed  an4 
f teady  light ;  the  disjoined  atoms  falling,  as  it  were,  into 
a  regular  system.  The  splendid  genius  of  Buffon,  though  on 
this  subject  it  wasted  its  strength  in  the  unprofitable  pursuit  of 
theoretical  speculations,  and  added  little  or  nothing  to  th^ 
splid  and  accumulating  mass  of  inductive  observations,  yet 
undoubtedly  by  the  very  brilliancy  of  those  speculations,  and 
perhaps  by  their  extravagance  also,  strongly  tended  to  kindle  a 
more  general  attention  to  this  branch  of  philosophical  enquiry. 
.'Giiettard,  in  1746,  first  carried  into  execution  the  idea  pror 
posed  by  Lister  years  before,  of  geological  maps.:  he  divided 
the  surface  of  the  earth  into  three  grand  zones  ;  the  schistose^ 
which  \iearly  coincided  with  the  primitive  and  transition  dis- 
tricts of  later  geologists ;  that  of  marles,  which  included  gene^- 
•rally  the  secondary  limestones ;  and  that  of  sand,  which  in  like 
•manner  comprised  what  have  been  since  termed  tertiary  for- 
jnations:  the  localities  of  individual  minerals  were  expressed 
^J:  signs,  analagous  to  those  employed  in  chemistry.  He  appears 
,to  have  endeavoured  to  extend  these  principles  to  the  struc- 
ture, not  only  of  a  considerable  part  of  Europe,  but  of  Canada 
also,  and  Asia  Minor.  Such  extensive  generali.sations  at  tha4; 
•period  of  the  science  could  not  be  otherwise  than  extremely 
jiasty  and  incorrect ;  and  accordingly  the  attempt  to  accoit^- 
4plish  too  much,  appears  to  have  brought  his  method  into  mudi 
discredit :  indeed  in  his  later  publication,  the  Atlas  Mineralot 
gique  de  France,  conducted  in  conjunction  with  Monnet,  h? 
^nearly  confines  himself  to  iodicating  the  localities  ef  individual 
;|Qinerals*  S 

>  Lehman,  in  a  work  published  in  1756,  was  the  first  to  intro> 
4ace  generally,  and  to  establish  firmly,  the  great  distinctioi» 
between  primitive  and  secondary  rocks.  It  had  however  pre- 
viously been  obscurely  indicated  in  the  writings  of  the  Tuscan 
Steno^  and  more  clearly  by  his  successor  at  Florence,  Targioni; 
iDesmarest,  in  the ,  Encyclopedie  Methpdique^  also  claims. in 
favour  of  his  countryman  Koueile^  iu  a  course  of  lecture 
^delivered  fibout  the  same  period^  the  honour  of.  having  esta^- 
•blished  ^  stiU  more  complete  division  into  primitive,  inter- 
mediate, and  secondary,  rocks,  and  of  having  distinctly  an« 
•nounced  that  the  organic  remains  contained  in  .the  two  lattef 
clashes,  were  distributed  in  regular  assemblages  (termed  by  hiip 
'(imaO>  each  containing  pepuliar  genera  and  species ;  butsthe^p 
Jiectures  appear  never  to  have  been  printed,  nor  to  have  exer« 


Digitized  by 


Google 


oaed  any  inftaeiice  beyond  the  sphere  in  irhich  they  irere 
dblivered.  Besides  establishing  the  great  distinction  of  pri* 
ositive  and  secondary  rocks,  Lehman  illustrated  his  doctrines 
l^  many  details  concerning  the  disposition  of  the  carbonifei^nf 
i^ock^,  and  those  associated,  with  cupriferous  marle-slate  (the 
same  since  fully  described  by  Friesleben)  as  exhibited  around 
the  Uartz  and  Erzegebirge :  he  fell  into  the  common  error 
(ivhich  Werner  himself  afterwards  imitated)  of  supposing  thai: 
the  few  rocks  which  had  fallen  under  his  observation  in  a 
limited  district^  were  all  that  the  world  afforded  ;  and  that  he 
had  sufficient  data,  from  the  inspection  of  the  former^  to  reason 
as  to  the  universal  structure  of  the  latter* 

In  1760  the  Rev.  J.  Michell,  in  a  paper  on  the  Cause  and 
Fh<enomena  pf  Earthquakes  published  in  the  Phil.  Transactions, 
delivered  the  whole  doctrine  of  the  regular  succession  of  the 
stratified  masses  constituting  the  crust  of  the  earthy  in  a  man* 
ner  still  more  satisfactory  and  compleat :  he  observes  that  this 
structure  is  such  that  we  always  meet  with  successive  zones  of 
the  various  mineral  masses  lying  parallel  to,  and  rising  towards, 
the  crest  of  the  principal  mountain-ridge :  he  illustrates  this 
position  by  instances  derived  from  the  mountains  of  North  and 
South  America,  and  from  England,  in  which  latter  country, 
b^  observes,  the  general  direction  of  the  strata,  and  the  chains 
formed  by  them,  runs  from  east-north-east  to  south-west;  he 
also  particularly  remarks  (as  indeed  Lister  had  done  previously) 
the  length  and  continuity  of  the  range  of  chalk  extending  more  - 
than  ^00  miles  on  the  opposite  sides  of  the  Channel  in  England 
and  France ;  he  adds  that  it  would  be  easy  to  have  carried  the 
pM>of  of  the  regular  succession  of  the  strata  of  England  much 
farther  into  detail,  and  among  his  papers  was  found  the  follow* 
ittg  list  of  English  strata,  bearing  date  abov^  1788  or  1789. 

Yards  of 
thickneit. 

Chalk 120 

<Tolt... .., ; 50 

Sa^ttd  (^  Bedfordshire  ..  ..i 10  or  20 

Northamptonshire  lime  and  Portland  limes, 

lying  in  several  strata 100 

-      Lyas  strata  ....• , .,..70  or  100 

Sand  of  Newark about  30 

Red  clay  of  Tuxford,  and  several  red  marles . . .    100         ^ 
Sherew.ood  Forest^  pebbles  a^nd  gravel  ........     50 

"  vnequai  ' 

•  Very  fine  white  «and •  •  •  •  •  uncertain 

'  Roche  Abbey  a&d^  Brotherton  iintcMf , « ... . .....  100 

»      Coal  stratarof^YWkshire. —         ^ 

/2 
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'  W^iteHiir&t,  Ih^it  enqairy  iwko  tke  •riginat  lormatioii  of  lk» 
Earth  (1778),  insists  jod  tbe  regakur  saccessioB  of  iht  strata,  and 
cam&rms  this  doctrine  b/  a  full  aad  exact  account  of  tfae.gcolo« 
gical  &tructQr«  of  Decbyshtre,  which  he  illustrates  by  several 
;  good  sections.  He  has  left  little  for  succeeding  enquirers  to 
glean  concerning  the  general  history  of  the  carboniferous  lime* 
ilonejaDd  coal-^onnations  of  that  district ;  bnt^  as  has  been  weH 
obaerved,  a  great  part  of  his  work  is  infected  with  that  taste  for 
cosmogony  which  had  misled  so  many  of  his  predecessors:,  his 
friend  Mr.  Kier  shortly  afterwards  imitated  successfally  the 
descriptive,  and  valuable  part  of  his  writings,  in  an  able  memoir 
on  the  district  of  limestone,  coal,  and  basalt,  in  the  south  of. 
Staffordshire,  published  in  Shaw's  history  of  that  county. 

,  In  the  year  1788  Button  published  his  Theory  of  the  Earthy 
a- work  which  has  exercised  a  lasting  influence  ofer  the  writings 
of  a  large  class  of  English  geologists.  It  is  unnecessary  here  to . 
recapitulate  the  heads  of  a  system,  so  gCKevally  known  through 
the  elegant  >^  Illustrations"  of  its  ablest  advocate.  Hutton  had 
t)fke  merit  of  first  directing  the  attention  of  geologists  to  the  \n^ 
portaot  phoenomena  of  the  veins  issuing  from  granitic. rocks,  and 
traversing  the  incumbent  strata,  and  of  bringing  forward  in  & 
striking  point  of  view  the  circumstances  which  Jeem  to  cori«- 
borate  the  igneous  origin  of  trap  rocks :  the  wildness  of  many ' 
of  his  theoretical  views,  however,  went  far  to  counterbalance, 
the  utility  of  the  additional  facts  which  he  collected  from  ob#»> 
servation.  He  who  could  perceive  in  the  phoenomena  of  geology, 
nothing  but  the  ordina^tf  operation  of  actual  causes,  carried  on; 
in  the  same  manner-through  infinite  ages,  without  the  trace  of 
a, beginning  or  the  prospect  of  im  end,  nmst  have  surveyed  tham 
through  the  medium  of  a  preconceived  hypothesis  alone. 

We  have  now  arrived  at  the  period  at  which  Werner  firMj 
published  his  researches :  his  ^  Kurze  Klassification'  appeared 
in  1*^87,  but  his  system  seems  to  have  received  various  acces« 
sions  between  that  time  and  179^>  It  is  difficult  to  estimate 
his  real  and  independent  merits,  since  he.  himself  published 
but  little,  and  we  are  acquainted  with  his  system  only  by  later 
publications  of  his  pupils,  which  are  at  the  same  time  compila- 
tions from  other  sourjce^ ;  those  merits  appear  to  have  consisted 
chiefly  io  a  superior  acquaintance,  wjth  the  mineralogical  cha- 
racters of  roik:k$).  in  having  traced  with  more  minuienesa  the 
succession  of  primitive  aild  transition  rocks^  toother  with  the 
few  flc^tz  rocks  which  he  had  oppprtuntties  <«f  studying  in  that 
part  ^f  Germany  with  which  he  was  alone  acquainted,  and 
which  he  fondly  imagined  io  form,  the  type  of  the  whole  globe ; 
and  ((Which  was. of  more  importance)  in  having:  reduced  the 
hithertoi  irrfgular  elements  of  geological  scifnfie.iuto.ajitiicter 
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mHhoi  md^  nMurt  ^^rttf^matie  fonn.  His  sittemfils  at  Ihoolliabigi 
mast  now  appear  to  all  but  his  moftt  devoted  adherents,  amopf . 
tKe  most  unsuccessful  and  unphilosophical  ever  made,  and  efe« 
thf se  are  gradually  abaadooing  one  by  one  all  his  most  charaQ«tr 
t«ti9tlc  <^nioiis.  There  was,  however,  in  his  character  9m 
energetic  determination  of  all  his  powers  to  the  adrancemeiit 
o/  his  favorite  pui^uit,  which  communicated  itself  to  his  wbol*. 
<^ass,  and  doubtless  he  has  done  more  than  any  other  individual 
to  promote  its  career. 

1.  The  travels  of  Sanssore  in  the  Alps,  and  of  Pallas  in  various 
plirts  of  the  Russian  territory,  but  especially  the  former,  afforded 
however  contributions  to  the  advancement  of  true  geological 
science,  more  important  perhaps  in  themselves  than  the  methodi<- 
caj  arrangements  of  the  Freyberg  school,  and  certainly  much 
n^9)re  so  than  all  its  theoretical  accompaniments. 

In  1790  Mr.  William  Smith,  (a  name  which  can  never,  in 
tvaclng  the  history  of  English  geology,  be  mentioned  without  the 
respect  due  to  a  great  original  discoverer)  appears  to  have  com- 
menced his'  researches  in  the  neighboarhoocL  of  Bath,  having 
in  that  year  drawn  up  a  tabular  view  of  the  strata  exhibited  ii|^ 
that  district,  which  in  fact  contained  the  rudiments  of  his  sab- 
sequent  discoveries.  Ten  years  afterwards  he  circulated  pro- 
posals for  publishing  a  treatise  on  the  Geology  of  England  to 
he  accompanied  by  a  coloured  map  and  sections,  and  in  the  m* 
terval  had  freely  communicated  the  information  he  pcissessed 
if  many  quarters,  till  in  fact  it  became  by  oral  diffusion  thai 
common  property  of  a  large  body  of  English  geologists,  and  tbui. 
contrilHited  to  the  progress  of  th«  science  in  many  quartera 
ilhere  the  author  was  little  known.  In  this  same  interval,  bof. 
tween  1790  and  1800,  several  volumes  of  reports  were  pul»* 
lished  by  the  Board  of  Agriculture,  many  of  them  containing 
much  local  geological  information ;  and  to  this  beard  mini 
undoubtedly  be  ascribed  the  honour  of  having  produced  the 
earliest  geological  maps  of  any  part  of  England ;  for  its  first 
si^ries  of-  reports  published  in  1794  contains  very  adequate 
geoilqgical  maps  of  the  North  riding  of  Yorkshire,  of  Derby- 
shire, ami  of  Nottinghamshire,  and  a  less  perfect  one  of  Devon^ 
shij^^  that  of  Kent,  published  in  1796,  has  a  regular  geolo- 
g&aal  map  of  that  county  (whidi  indeed  after  the  treatise, of 
IJaeke  in  the  begif^oing  of  the  century  it 'was  easy  to  construct}, 
B^twe^m  this  date  and  1813,  the  same  board  has  also  given 
u«eful  mapjl  of  Sussex,  Surrey,  Berks,  Bedford,  Gloucester, 
MTilts,  Lincoln,  Durham,  and  Cheshire,  besides  publishing  a  „ 
second.  re|>prt  of  Derbyshire  dedicated  exclusively  to  its  mine- 
nlnigj  by  Mr.  F«rc^4     Mail's  toiir  through  the  weatam^ 
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ms  also  a  regular  though  of  coarse* 
le  west  of  England, 
liest  published  geological  maps  of 
t  is  probable  th^it  Mr.  Smith  had 
luscript  of  his  own,  which  after 
its  appearance  in  1815,  and  was 
taps  on  a  larger  scale,  sections,  &c. 
said  of  this  great  performance  of 

^  ''-  Ce  que  les  mineralogistes  les  plus  distingues  ont  fait  dans 
liiie  petite  partie  de  rAllemagne,  en  un  deini-siecle,  un  seul 
Homme  (M.  William  Smith,  ing^nieur  des  mines)  Pa  eutrepris 
et  effectue  pour  toute  I'Angleterre ;  et  son  travail,  aussi  beatt 
par  .son  f^suitat,  qu'il  est  etonnant  par  sa>h  etendue,  a  fait  coh«- 
clure  que  VAngleterre  est  rSgulierement  divisSe  en  couches^  que 
Ikirdre  de  leur  superposition  n'est  jamais  interverti;  et  que  ee 
stmt  exactement  des  fossiles  sembladles  qu^on  trouve  dans  touted 

les  parties  de  la  mime  couche  et  a  de  grandes  distances. ^r-* 

*^  Tout  en  payant-au  travail  de  M.Smith  le  tribut  d'admiititioft 
qui  lul  est  dii,  il  roe  sera  perrois  de  desirer  que  des  observations 
ult6rieures  en  confirment  I'exactitude,  et  deji,  sur  plusieurs 
points,  les  travaux  des  mineralogistes  anglais  Pont  confirm^e.^  ' 

'  Nor  is  this  praise  in  any  respect  too  high;  to  say  indeed  that 
the  first  geological  map  of  any  country  is  likely  to  be  free  from 
material  imperfections,  is  to  maintain  a  position  which  every 
one  acquainted  with  the  ordinary  progress  of  science  must  feel 
to  be  untenable.  This  is  an  object  only  to  be  gained  by  a  series 
of  gradual  approximations,  and  it  is  by  no  means  a  small  tribute  - 
of  commendation  to  say  that  Mr.  Smith  has  commenced  that 
series  with  a  performance,  in  which  the  trifling  errors  of  detail 
which  it  may  exhibit,  bear  no  proportion  in  importance  to  the 
great  general  views  which  it  correctly  lays  down.  If  we  cast  a 
rapid  glance  over  this  and  his  other  publications,  beginning  with 
his  representations  of  the  more  recent  strata,  and  descending  the 
geological  series,  we  shall  at  once  see  what  he  has  achieved,'and 
added  to  our  previous  information,  and  what  he  has  left  for 
others.  The  tertiary  beds  above  the  chalk  he  has  represented 
only  generally,  their  more  accurate  division  having  been  re« 
served  for  the  researches  of  Mr.  Webster,  &c.i  the  chalk  for*?^ 
ination  he  has  laid  down  with  great  precision,  but  its  limits  had, 
as  we  have  seen,  been  before  generally  stated  by  many  authork 
ties :  hence  through  the  series  of  sands  and  oolites,  down  to  the ' 
new  red  sandstone  or  red  ground,  the  whole  field  is,  with  few 
and  immaterial  exceptions,  entirely  his  own.  Before  his  re* 
searches  it  would  have  been  koown  only  uQdiar  the  «agO<^  ^^^  - 
nation  of  a  district  of  secondary  shell  limestoiaeg  and  saudBtoaeft^ 
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ppd-io  liim-we  owe  (he  attempt)  in  most  instances  successfully 
made,  to  ascertain  by  precise  determinatipqs  the  various  and 
important  members  of  this  series,  and  to  trace  them  from 
One  extremity  of  the  island  to  the  other.  In  this  enterpriip 
^(soificiently  arduous  to  try  the  powers  and  establish  the  repu- 
^tattoii  of  any  individual  entering  upon  ground  hitherto  ui^ 
trodden)  he  may  |>erhaps  in  some  instances  have  suffered  a  feif 
omissions  to  escape  \vithout  detection,  and  more  rarely  h^LT^ 
.identified  too  hastily  beds  in  distant  parts  of  the  country  really 
belonging  to  different  formations ;  but  still  the  great  mass  ojf 
his  divisions  remains  unquestioned  and  unquestionable^  and  ha3 
been  adopted,  though  with  an  occasional  change  of  nomencltir 
turcj  and  a  few  requisite  corrections,  by  all  the  geologists  who 
have  followed  his  steps,  as  well  as  in  the  present  work.  Th^ 
carboniferous  districts  are  also  on  the  whole  represented  with  a 
near  approach  to  correctness,  but  are  far  inferior  in  this  point 
to  those  occupied  bj  the  series  last  mentioned,  and  here  ther^ 
was  also  extant  a  greater  quantity  of  previous  materials;  the 
districts  of  old  red  sandstone,  and  those  occupied  by  the  transl- 
ation and  primitive  rocks,  are  very  inadequately  represented^  > 
Subsequently  to  the  publication  of  Mr,  Smith's  rfiap  in 
1819,  another  on  nearly  the  same  scale  was  published  by  Mr. 
Greenough  ;  the  execution  of  this  is  more  minute  and  delicatew 
and  the  details  more  exactly  laboured ;  the  general  cpnfigurar 
tion  of  the  surface  of  the  country,  its  hills  and  rallies,  are  repre- 
.sented  with  far  more  precision  than  had  previously  been  atr 
.tempted  in  any  general  map  of  the  island, — points  which 
-did  not  entef  into  the  construction  of  Mr.  Smith's  map;  and 
many  of  the  imperfections  of  the  former  are  removed :  to  thiji 
therefore  we  have  referred  as  a  general  standard  throughout  th^ 
.work,  and  have  therefore  studiously  noted  every  remaining  in- 
correctness which  a  careful  collation  of  it  in  the  course  of  our 
enquiries  with  the  materials  derived  from  subsequent  observa- 
tion has  enabled  us  to  detect :  from  this  also  we  have  copied 
the  slight  outline  map  prefixed  to  this  volume,  with  a  trifling 
change  in  the  system  of  colouring  which.ai  different  yjew  of  ^the 
'division  of  a  part  of  the  carboniferous  series  of  rocks  has  obliged 
ns  to  introduce,  and  some  other  deviations  which  will  be  ac- 
counted for  in  the  explanation  of  the  map  and  plates* 
^  '  The  able  investigation  of  the  formations  above  the  chalk  by 
Mr.  Webster,  and  his  comparative  views  of  their  relation  to 
.those  similarly  situated  in  the  basin  of  Paris,  have  supplied  an 
imfportattt  desideratum  in  the  history  of  our  strata;  which  has 
ybeen  also.  stiH  more  largely  indebted  to  the  general  and  exiten- 
jiye  researches  of  ProftsiBor  Buckifmd ;  who  iias  materially  imj» 
piroiFed'the  arrangement  of  iSniith;  has  been  the  first  to  eiffeCt 
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Geologj  in  Englaild  ah9 
na&terly  survey  of  tbcijr 
eated  the  action  of  thib 
sion.  ' 

best  information  on  th^ 
»ting  class  of  trap  rocks 
a  rigQtous  determination 
vague  nomenclature  and 
any  of  the  older  format 
the  geological  history  of 
id  similar  contribution^ 
rer  and  Griffith, 
of  several  distinguishe(! 
[nent  ion  that  of  Play  fair 

J  a  genius  of  a  very  high 

philosophical  order,  or  that  of  Jameson  without  the  respect 
due  to  a  long  and  meritorious  career  of  labours  devoted  to  thb 
adrancement  of  this  science ;  but  we  cannot  but  feel  the  inju- 
-rious  effects  which  have  in  this  instance  been  produced  by  that 
excessive  addiction  to  theoretical  speculations,  which  hai$  cOn'» 
Verted  the  members  of  that  school  into  the  zealous  partisans  of 
rival  hypotheses,  and  led  them  to  contribute  far  less  than  they 
«th^rwise  must  have  done,  to  the  real  progress  of  inductive 
geology.  To  this  cause  we  must  ascribe  it,  that  it  has  fallen  so 
far  behind  the  schools  of  Ix)ndon  and  Oxford  ;*  in  the  lattet 
case  a  striking  and  satisfactory  proof  has  been  afforded  in  oppo* 
tition  to  the  misrepresentations  of  shallow  sciolists,  that  the  tn- 
stitntions  of  academical  education  are  far  from  unfavorable  tb 
the  cultivation  of  the  physical  sciences,  and  that  an  igriorancb 
ef  the  rules  of  classical  composition,  and  of  the  language^,  and 
philosophy  of  polished  antiquity,  are  by  no  means  essential  ad- 
iraotages  in  researches  of  this  nature :  it  ha^  been  rather  seen 

quid  mens  rite,  quid  indoles 
uutrita  faustis  sub  penetralibus  ^ 

possit. 
Cambridge  has  yielded  a  similar  evidence  in  th^  TaItt|ibl0 
pnemoirs  of  Messrs.  Sedgewick  and  Henslow. 

»■ 
*  it  will  be  readily  permitted  to  the  present  writer  at  once  to  disehtrg* 
1  debt  of  justice  and  enter  a  gratifying  memorial  of  private  friendship,  by 
here  recording  the  fact  that  We  owe  the  introduction  of  these  pursufts  into 
the  University  above  mentioned,  to  lectures  deh'vered  between  f 805  and 
1810  by  the  present  Professor  of  Chebiistry  Dr.  Kidd.  His  more  privMe 
exertions  in  eucouraging  the  rising  talents  of  others,  and  promoting  their 
co-operation,  were  as  successful  in  effect  as  liberal  in  design.  The  Oxforii 
tchool  may  clsum  th6  important  ohkefvitions  of  Nfr.  Sirangeways  bn  tftit 
Htmian  Empire  ar  among  it*  fruits. 
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*  Iti  ilie.«biOV6  slight  and  hasty  skelcji  ef  the  progress  6fthi» 
s^qdy,  we  hare  been  obliged  vtO:  (mm^s  oter  io  silence  many  less 
ilx^poHant  sources  of  inforiQation ;  such  sme  the  dass  of  writers^ 
urbo  have  given  locial  natural  histories;  for  instance  Ptott^ 
^orQton,  Bojrlase,.  Priee^  &c.  and  writers  of  general  topo* 
graphy^  many  of  whonvhar^e  contributed  in  some  degree  to  the 
acCMB^alation.of  ma^fials  for  English  Geology.  Among  these 
Stukeiey  the  antiquary^  the  father  of  our  home  tourists,  seems  to 
have  been  iqtedt  on  pursuing  Lister's  project  of  a  mineral  map, 
sjuce  he  refers  in  his  index  to  the  particulars  he  had  collected 
as^  intended  to  facilitate  such  a  design.  We  have  also  omitted 
Huchinson  and  his  school  of  physicortheological  writers,  who 
have  however  cqllected.  many  important  observatiops ; ,  we  have 
already  quoted  a  striking  passage  from  Cateott,  one  of  this 
s^hool^  on  the  subject  of  denudation.  The  continental  writers 
qn  this  subject  of  the  present  day,  we  have  not  endeavoured  to 
include  ;  for  it  would  be  impossible  in  so  limited  a  compass  tO 
give  an  ade.quate  idea  of  the  labours  and  merits  of  Cuvier, 
Brpngniart,  .Daubuisson,  Humboldt,  Yon  Buch,  Brocchi,  and  a 
long  train  .of  other  Observers  who  have  illustrated  this-  science 
in  Fiance,  Germany,  and  Italy :  the  Anglo  American  States 
have  also  produced  a  very  able  geological  observer,  Mr.  Maclurfr* 

•  The  necessity  of  these  and  other  omissions  we  the  less  regret, 
as  it  is  known  that  the  whole  subject  is  at  present  employing 
the  pen  of  a  writer.who  has  shewn  his  competency  for  the  task 
by  an  able  article  connected  with  it  in  the  Edinburgh  Keview 
I6r  1.818,.  to  which  (as  will  have  been  perceived)  the  present 
sketch  is  largely  indebted. 

And  here  we  cannot  conclude  this  rapid  sketch  of  the  g^er 
ral  bearings  of  geological  science,  without  some  allusion 
(imperfect;  as  from -our  limits  it  .must  necessarily  be)  to  thosei 
highest  interests  which  the.  eager  attacks  of  an  half-informed 
scepticism,  and  sometimes. also  the  injudicious  defences  <if 
those,  whose  sincerity  of  intention  ill  supplied  the  want  of  a 
precise  acquaantance  with  the  phoenomena  under  consideration, 
have  seemed  to  involve  in  the  discussions  of  this  branch  of 
physics.  With  respect  to  the  former  class,  the  characteristic 
lo  which  we  have  just  alluded,  their  impatience,  namely, "to 
livail  themselves  of  the  imihature  results  of  an  imperfect  know- 
ledge, opposed  as  it  is- in  every  respect  to  that  persevering  and 
reflective  spirit  of  enquiry  which  marks  genuine  philosophy, 
ilid  can  alone  lead  to  the  ultimate  discovery  of  truth,  must 
ibreate  a  reasonable  suspicion  of  their  opinions ;  for  no  sooner 
has  any  new  discovery,  whatever  might  have  been  its  subject^ 
occur red|  (whether  it  was  a  fr^ment  of  Indian  chronology,, or 
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on  Egyptian'  s(6didc,  or  tbd  mecba^m  of  the  Universo/  or  (Kat 
of  Ihrlug  bodlen,  o^  lastly  some  :iiew  fact  relathig  to  the  structare' 
of  the  earth)  tluin  the  first  aspect  under  which  some  minds  ba,ye 
seemed  anxious  to  ?ie'vr  it  ha^  been^  whether  it  would  not  fbr- 
Dish  some  new  weapon  against  Revelation.  Whethe^  such  a^ 
mode  of  proceedtog  was  more  likelf  to  arise  frpi|i  a  genuine 
desire  to  remoTe  prejudice  and  bigotry,  or  rather  was  itself  the 
frnit  of  a  prejudiced  and' bigotted  eagerness  to  propagatse  pecu- 
liar opinions,  we  do  not  feel  called  upon  to  decide.  Its  result 
is  matter  of  history,  and  it  would  perhaps  be  instructiTe  to  form 
a  collection  of  the  attacks^  which  have  been  made  on  all  these 
subji^cti^,  and  the  theories  which  have  been  broached  concern- 
i^ig  them,  under  such  views :  it  would  form  a  curious  monument- 
at  the  aberrations  of  reason,  and  be  quite  as  humiliating  to  its- 
pride  as  the  records  of  the  most  unenlightened  enthusiasm ;  no 
other  single  principle  could  perhaps  be  pointed  out,  by  which 
io  much  crude  and  absurd  speculation  would  be  brought  to- 
gether ;  in  whatever  degree  tne  physico-theological  reveries  of 
the  Hutchinsonian  school  deserved  this  character,  they  have 
been  infinitely  surpassed  in  every  respect.*  All  this,  however, 
it  may  be  justly  said,  leaves  the  real  merits  of  the  question  un- 
touched; but  it  is  necessary,  nevertheless,  to  dissipate  the 
illusions  which  often  hover  over  it,  and  to  assist  us  in  forming 
a  fair  estimate  how  far  such  attacks  are  to  be  attributed  to  pure 
reasoil,  and  how  far  to  prejudice  and  passion. 

I^ut  let  us  proceeds  Before  we  examine  the  bearings  of 
physical  science  on  Revelation,  our  ideas  should  first  be  settled 
as  to  what  may  be  reasonably  expected  from  Re.velation  in  this 
respect.  Both  its  opponents  and  some  of  its  defendants  often 
argUe  as  if  it  should  have  included  the  discovery  of  a  system  of 
phydeal  tt'uth ;  which  it  would  not  be  diUcult  to  shew,  givea^ 
an  entirely  erroneous  view  of  its  professed  object ;  to  treat, 
namely,  of  the  history  of  man  only,  and  that  even  but  as  far  av 
affects  his  relations  to  his  .Creator,  and  the  dealings  >of' Divine 
Providence  in  regard  to  him.  To  have  made  physical  truth 
generally  the  subject  of  Revelation,  would  have  been  to  destrojf 
Its  great  use,  namely,  that  its  investigation  might*  fomt  at 

-  '*Sae  foe  Ch«  proofs  of  this  not  merely  Che  earlier  theoritt  on  manyel 
tlii9«r  sul^ecu  of  Buffoa  and  fisB^lhrf  and  the  nqti^^ns  of  Vqltaii^i  ^t  m^t«^ 
••necUUy  in.thc  pre«cnt,day  the  nydrogeolo^e  of  Lamarck  (before  wKi<i 
old 'Gurnet  and  Whistori  fade  into  sober  reason  J  and  all  tlie  metaphysical 
fp«cuIations  which  load  the  first  volume  of  the  same  author's  otherwise 
valuable  *  Syst^me  des  Animauk  aans  Vertehres.*  De  cifedulitate  ini» 
d^nm;would  be <che  proper  title  for  such  a  collection;  on,  the^  whole  tk% 
eain'U  pf  many  an  pbj^jtQr  might  .be.eiFcctually  siiwced,  by  mojyinfif  thf 
p{evi<^s.qucstion  of  ifii  real  acquaintance  with  that  science  from  whehce^^ 
he  prolesse<l  to  draw  them. 


Digitized  by 


Google 


MtTftopi/ffnor. 


fipcfi  t^M  iBOft  d^light^lresoui'Cf  and  the  m<SU  faiTigoratlu| 
^ercii^  of  t|ios^  powers  of  reason  b^towed  on  us  is  omr  (Kfr. 
ttpgi^^MKl^  pr^p^ive,  Tiie  rematR  of  the  Poet  becomei  teil) 
ipu^re^trikiagly  jest  wheu  applied  to  intellectual  eoltintioo*    ' 


Pater  ipse  col  end  i 


iiaud  facil^m  esse  viam  voluit 


curis  acuens  mortalia  corda 


i^iec  torp6re  Jravi  passus  su'a  regtia  y6temo. 

.  Aiid  ^bo  ^ofuld  willrngly  exchange  tlie  phy  of  mVtd  %lifch 
th^  task  of  laveRtibn  afibr<Is^  far  a  system  which  should  l^kW 
oo  province  t<i  reason  beyond  hearning  tliat  M^hich  wa^  already 
plainly  recorded  ?  did  it  not  carry  us  beyond  our  limFts^  it  WOnld 
be  easy  to  shew  bow  mnch  of  the  interest  of  science  arises  froin 
th^  forfner  cause,  and  that,  not  only  in  the  minds  of  th^  t^W 
who  are  gifted  to  achieve  original  discoveries,  bat  of  the  rafehy 
who  in  folloHing  their  steps  in  some  degree,  ^pursue  i\it 
iriamph  and  partake  the  gale'.  How  little  comparative  eu« 
liosity  should  w;e  feel  concerning  the  course  of  the  Nigef^  6f 
tij^  northern  coast  of  America,  could  they  be  as  easily  ^t- 
f^mit^d  a^  the  Thames  and  the  Channel. 
,  The  general  connecticm  of  physical  science  will  ihe^efofl^ 
be  rather  with  natural  than  revealed  religion  ;  for  in  th^  f6r« 
iiaer.the  great  problem  is,  to  trace  the  Author  of  I^at^i'e  iii 
his  works,  .and  our  interest  in  the  evidences  thus  furhiSlfed' 
is  materially  (as  we  have  seen)  kept  alive  by  their  being  made 
tiie  matter  of  gradtial  and.  successive  Ascovery ;  so  that  the 
^ind  is  continually  presented  with  frtsk  proo^,  extending  as 
its  general  knowledge  extends.  Thus  this  connection  is  eS^en^ 
tial ;  but  that  with  Revelation  is  incidental  only,  and  confined 
^si;ich  single  facts  as  happen  to  be  mentioned  In  relation  t& 
t^  providential  history  of  roan,  its  great  object:  difficultiel' 
lurlslng  from  thesey  Its  advocates  are  of  course  bound  faidy  tb 
meet,  and  this  must  be  required  in  geology  as  in  other  cMes  ; 
but  before  we  srttempt  this^  we  will,  for  the  reason^  ifbovi^ 
stUted,  oast  a  hasty  glance  at  the  relations  of  that  science  With 
Natural  Religion. 

'  This  important  subject  has  been  very  fully  and  ably  handled 
lAitheJnaugnral  lecture  published  by  Professor  Buckltfnd,.  and 
we'  feel  pers6fRied  that  we  cannot  piirsue  a  niore  satisfactoty 
bourse  than  by  presenting^  some  short  detracts  fMai  that  woHic 
to  the  retdei',  desiring  at  the  same  timie  to  refer  him  to  tlie 
original  for;  a  fulkr  ^w  of  the  whole  arj|;ument. 

^^  In  l)^g  Introduced  then  to  a  new  kingdom  of  nature^  vre 
cfmsca^  fail  to  inquire,  whether  we  sh^U  hel^e  alb  find  the 
s^ncs  t>rQbf!s  of  subserviency  tci  final  ciiuleS)  if\ikt\i  are  so  Strfk^ 
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utility' to. preserve  the  purity  of  the  sea,  readers  them  unht  for' 
the  support  of  terrestrial  animals  or  ^vegetables,)  and  trans- 
mitting them  in  : genial -showers  to  scatter  fertility  over  the' 
earth,  ai^d  maintain  the  nr^ver- failing  reservoirs  of  those  springs* 
and  rivers,  by  which  it  is  again  returned  to  mix  with  its  parent* 
ocean :  in  all  these  we  fijud^uch  undeniable  proofs  of  a  nicely 
balanced  adaptation; of  means  to  ends,  of  wise  foresight  and> 
benevolent  intention  and  infi^iite  power,  that  he  must  be  bliud^ 
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indeed,  trho  refases  to  recognize  in  iKem  proofs  of  the  most 
etaited  attributes  of  the  Creator. 

^  <*  Anothervvaluable  contrivance  in  the  structure  of  the  globe' 
iij^Uhat  nearly  all  its  materials  are  such  as  to  i^iford  by  their 
de6ompk>sition  a  soil  (it  for  the  support  of  vegetable  life ;  and 
that  they  are  calculated  to  undergo  and  have  undergone  a 
toperiicial  decomposition.  Here  is  an  instance  of  relation  be- 
tween the  vegetable  and  mineral  kingdoms,  and  of  the  adapta- 
tion of  one  to  the  other,  which  always  implies  design  in  the 
^qrest  manner :  for  had  not  the  surface  of  the  earth  been  thus 
prepared  for  their  reception,  where  would  have  been  the  use 
of  all  that  admirable  system  of  organization  bestowed  upon 
vegetables  ?  Aud  it  is  no  small  proof  of  design  in  the  arrange- 
Riept  of  the  materials  that  compose  the  surface  of  our  earth, 
thit  whereas  the  primitive  and  granitic  rocks  are  least  calcu- 
lated to  afford  a  fertile  soil,  they  are  for  the  most  part  made  to 
constitute  the  mountain  districts  of  the  world,  whlch«  from 
their  elevation  and  irregularities,  would  otherwise  be  but  til 
adapted  for  human  habitation  ;  whilst  the  lower  and  more  tem- 
perate regions  are  usually  composed  of  derivative  or  secondary 
Strata,  in  which  the  compound  nature  of  their  ingredients  qua-^ 
lifies  them  to  be  of  the  greatest  utility  to  mankind  by  their 
fubserviency  to  the  purposes  of  luxuriant  vegetation,  . 
•  **  Thus  Geology  contributes  proofs  to  Natural  Theology, 
strictly  in  harmony  with  those  derived  from  other  branches  of. 
natural  history ;  and  if  it  be  allowed,  on  the  one  hand,  that 
these  proofs  are  in  this  science  less  numerous  and  obvious,  it 
ikiay  be  contended,  on  the  other,  that  they  are  calculated  to 
lead  us  a  step  farther  in  our  inferences.  The  evidences  afforded 
t>y  the  sister  sciences  exhibit  indeed  the  most  admirable  proofs 
of  design  and  intelligence  originally  exerted  at  the  Creation  r 
bu€  maiiy  who  admit  these  proofs  still  doubt  the  continued 
superintendance  of  that  intelligence,  maintaining  that  the  sys^ 
tc^m;  of  the  Universe  is  carried  on  by  the  force  of  the  laws 
originally  impressed  on  matter,  without  the  necessity  of  fresh 
ihterference  or  continued  supervision  on  the  part  of  the  Creator. 
$ttch  an  opinion  is  indeed  founded  oqly  on  a  verbal  fallacy ; 
for  ^^  laws  impressed  on  matter"  is  an  expression,  which  can. 
eiily  denote  the  continued  exertion  of  the  will  of  the  I^wgiver^ 
the  prime  Agient,  the  first  Mover:  still  however  the  opinion 
(las  been  entertained,  and  perhaps  it  nowhere  meets  with  a 
mpre  direct  and  palpable  refutation,  than  is  afforded  by  the 
subserviency  of  the  present  structure  of  the  earth^s  surface  to 
final  causes ;  for  that  structure  is  evidently  the  result  of  many 
tod* violent  cdnvulsions  subsequent  to  its  original  formation. 
i^hen  therefore  we  perceive  that  the  secondary  causes  pro-' 


Digitized  by 


Google 


ducing  thes6  convulsiom  have  operated  at  successive  perMU^ 
not  blindly  and  at  random,  but  with  a  direction  to  beneficial 
ends,  we  see  at  once  the  proofs  of  an  overruling  Intelligence 
continuing  to  superintend,  direct,  modify,  and  control  1))% 
operations  of  the  agents,  which  he  originally  ordained.* 

*  *«  Examples  of  this  kind  are  perhaps  nowhere  more  strildnglT  uSordtA 
than  in  the  instance  of  those  fractures  or  disturbances  called  fmat*^  whick 
occur  in  the  alternating  beds  of  coal,  slaty  clay,  and  sandstone^  which  are 
usually  associated  under  the  name  of  Coal-measures. 

**  The  occurrence  of  such  faulu^  and  the  inclintd  fiostthn  in  which  the' 
strata  composing  the  coal-measures  are  usually  laid  out',  are  facts  of  the 
highest  importance  as  connected  with  the  accessibility  of  their  minei^ 
contents.  From  their  inclined  Aosiiion  the  thin  strata  of  coal  are  worked 
with  greater  facility  than  if  tney  had  been  horizontal ;  but  as  this  incli^ 
lotion  has  a  tendency  to  plunge  their  lower  extremities  to  a  depth  that 
would  be  inaccessible,  a  series  of  faults,  or  traps,  is  interposed,  by  wbich 
the  component  portions  of  the  same  formation  are  arranged  in  a  series  of 
successive  tables,  or  stara,  risia^  one  behind  another,  and  elevated  con* 
finually  upwards  towards  the  surface  from  their  lowest  points  of  depres* 
aion.  A  similar  effect  is  often  produced  by  undulations  of  the  strata, 
which  give  the  united  advantage  of  inclined  postston  and  of  keeping  than 
near  the  surface.  The  basin-shaped  structure,  which  so  frequemly  occufti^ 
in  coal-fields,  has  a  similar  tendency  to  produce  the  same  beneficial 
effect. 
^  '^  fiut  a  still  more  important  benefit  results  from  the  occurrence  of  fauUi 
or  fractures^  without  which  the  contents  of  no  deep  coal-mine  would  be 
accessible.  Had  the  strata  of  shale  and  grit-stone  that  alternate  with  the 
beds  of  coal  been  continuously  united  without  fracture,  the  quantity  of 
water  that  wowld  have  penetrated  from  the  surrounding  country  into  any 
considerable  excavations  that  might  have  been  made  m  the  porous  gnt 
beds,  would  have  been  insqperable  by  the  powers  of  the  most  improved 
machinery :  whereas  by  the  simple  surangement  of  a  system  of  faults,  tbf 
water  is  admitted  only  in  such  quantities  as  are  within  control.  Thus  the 
component  strata  of  a  coal-field  are  divided  into  numberless  insulated 
masses,  or  sheets  of  rock  of  irregular  form  and  area,  not  one  of  whieh  if 
continuous  in  the  same  plane  over  any  very  large  district,  but  each  i# 
separated  from  its  next  adjacent  mass,  or  sheet,  by  a  dam  of  day  impene«f 
trable  to  water,  and  filling  the  narrow  cavity  produced  by  the  fracture 
which  caused  the  fault. 

•  **  If  we  suppose  a  thick  sheet  of  ice  to  be  broken  into  fragments  of 
irregular  area,  and  these  fragmenu  anin  united  after  receiving  a  slight 
degree  of  irregular  inclination  to  the  plane  of  the  original  «heet,  the  unite4' 
fragments  of  ice  will  represent  the  appearance  of  the  component  portioiif • 
of  the  broken  masses,  or  sheets,  of  coal-measures  we  are  describing,  whilst 
tbose  intervening  portions  of  more  recent  ice  by  which  they  are  held  to-' 
gether,  represent  the  clay  and  rubbish  that  fiU  the  faults,  and  fofm  the» 
partition  walls  that  insulate  these  adjacent  portions  of  st^au,  which  were^ 
originally  formed  like  the  sheet  of  ice  in  one  continuous  plane.  Thus  each 
sheet  or  inclined  table  of  coal-measures  is  inclosed  by  a  system  of  more  or 
Itos  vertical  walls  of  broken  clay,  derivative  from  its  argillaceous  shale" 
beds  at  the  moment  in  which  the  fracture  and  dislocmtion  took  place  t  mo^ 
hence  have  resulted  those  joints  and  se^xuations,  which,  though  they  oeca*- 
aionally  interrupt  at  inconvenient  positions,  and  cut  off  suddenly  the  pro- 
gress of  the  collier,  and  often  shatter  those  portions  of  the  strata  that  art 
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"^  Tk«  cotnldenilion  also  of  the  evidences  sffbrded  by  Greo«; 
logical  phcenomeaa  may  '«iiab1e^  us  toi-  lay  more  Secareiy  thc^  very* 
foondatioDS'  of  Natitral  'f  heology,  ioasmiich  as  they  clearly" 
point  out  to  us  a  period  antecedent  to  the  habitable  state  of  the' 
eMth,  and  oonsequently  antecedent  to  the  existence  of  its  iih* 

ift  imoiediate  contact  with  them,  yet  are  in  the  main  his  greatest  safeguard^ 
and  indeed  essential  to  his  operations. 

^  The  same  faults  also,  whilst  they  prevent  the  water  from  flowing  in 
etceSsive  quantities  in  situations  where  it  would  be  detrimental,  are  at  the 
taifte  time  of  the  greatest  service  in  converting  it  to  purposes  of  utility,  by 
creatin|^  on  the  surface  a  series  of  springs  along- the  line  of  fault,  which> 
often  give  notice  of  the  fracture  that  has  taken  place  beneath. 

**  A  similar  interruption  of  continuity  in  the.  masses  of  the  primitive 
rocks,  and  rocks  of  intermediate  age  between  these  and  the  coal-formation, 
it'f6uDd  to  occur  extensively  in  the  working  of  metallic  veins.  The  vein 
it>ofiien  cut  off  suddenly  by  a  fault  or  fracture  crossing  it  transversely,  and 
its  once  continuous  portions  are  thrown  to  a  considerable  distance  ifrom. 
each  other.  The  line  of  fracture  is  usually  marked  by  a  wall  of  clay  con- 
sisting of  the  abraded  fragments  of  the  rock,  whose  adjacent  portions  have 
been  thus  dislocated.  Such  faults  are  universally  known  in  the  mines  of 
Gomwall  by  the  term  Jluian,  and  they  prodoce  a  similar  advantage  to  those 
that  traverse  the  coal-measures  in  guardizkg  the  miner  from  inundation,  by. 
a  series  of  natural  dams  traversing  the  rocks  in  various  directions,  and 
intercepting  all  communication  between  that  mass  in  which  he  is  con-, 
deleting  his  operations,  and  the  adjacen:  masses  on  the  other  side  of  the 
flvkanor  dam. 

**  It  is  probable  that  the  greater  numlier  of  springs,  that  issue  from  thoam 
rocks  which  are  unstraiified,  are  kept  in  action  through  the  instrumen- 
tality of  the  faults  by  which  they  are  intersected. 

**  It  XT. ay  be  added  also,  that  the  faults  of  a  coal-field,  by  interrupting  the 
continuity  of  the  respective  beds  of  cpal,  and  causin?  their  truncated  ed^et 
to  abat  Against  those 'of  uninflammable  strata  of  snale  or  grit,  aflbrcl  a 
preservative  which  prevents  the  ravages  of  accidental  fire  from  extending^ 
beyond  the  area  of  that  sheet  in  which  it  may  take  its  beginning,  but 
wmch,  without  the  intervention  of  such  a  provisiout  might  lead  to  the 
dtstruction  of  entire  coal-fields. 

^  It  ia  impossible  to  contemplate  a  dispoution  of  things  so  well  accom<^ 
modeled,  and  indeed  so  essential  to  the  various  uses  which  the  materials  of 
the  earth  are  calculated  to  afford  to  the  industry  of  its  inhabitants,  and 
of  their  first  wants,  and  entirely  to  attribute 
operation  of  fortuitous  causes/  Although  it  be' 
n  introduce  final  causes,  yet  since  it  is  evident^ 
hysical  knowledge,  more  especially  those  whiciv 
tter,  the  final  causes  of  the  subjects  with  which 
perhaps  that  part  of  them  which  lies  most 
Dizance,  it  would  surely  be  as  unphilosophicat 
i  of  these  causes  when  the  general  tenor  and 
aa  naturally  suggest  them,  as  it  would  be  to 
ly  unsupported  by  such  evidence.  We  may 
elves  authorized  to  view,  in  the  Geological 
d,  aigystem  oif  wise  and  benevolent  contrivances 
the  wants  and-  oonfarts  of  the  future  inhabit-' 
Dnding  itself  onwards,  from  its  first  formation 
revolutions  and  convulsions  that  have  affected 
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habitants.  When  our  mtnda  become  thus  familiiueised  with  the 
idea  of  a  beginning  and  first  creation  of  the  beings  we  $^* 
around  us,  the  proofs  of  design,  which  the  structure  of  those 
beings  affords,  carry  with  them  a  more  forcible  conviction  of 
an  intelligent  Creator,  and  the  hypothesis  of  an  eternal .  sue** 
cession  of  causes  b  thus  at  once  removed.  We  argue  thus — it 
is^  demonstrable  from  Geology  that  there  was  a  period  when  na* 
organic  beings  had  existence :  these  organic  beings  must  there- 
Ibre  have  had  a  beginning  subsequently  to  this  period;  and. 
where  is  that  beginning  to  be  found,  but  in  the  will  undjiatoi 
an  intelligent  and  all-wise  Creator  ?         . 

^<  With  what  acuteness  of  argument,  and  what  obstinacy  of 
perseverance,  the  extraordinary  notion  of  an  eternal  succession 
Was  maintained  in  ancient  times,  even  by  some  of  the  greatest 
philosophers,  it  is  quite  unnecessary  here  to  state  t  and  if  some 
writers  on  Geology  in  later  times  have  professed  to  see  in  the 
earCh  nothing  but  the  marks  of  an  infinite  series  of  revolutions, 
without  the  traces  of  a  beginning ;  it  will  be  quite  sufiicient  to 
answer,  that  such  views  are  confined  to  those  writers  who  have 
presumed  to  compose  theories  of  the  earth,  in  the  infancy  of 
the  science,  before  a  sufficient  number  of  facts  had  been  coir 
lected ;  and  that,  if  possible,  they  are  still  more  at  variance 
with  the  conclusions  of  Geology,  (as  a  science  founded  on 
obs^rvatibn,)  thdn  they  are  with  those  of  Theology." 


We  have  seen  then  that  the  evidences  of  Natural  Religion 
are  still  further  confirmed  by  the  discoveries  of  Geology,  as 
indeed  could  not  fail  to  be  the  case ;  for  every  effort  that  has 
carried  forward  the  land-marks  of  human  knowledge,  has  at 
tlie  same  time  disclosed  to  our  view  a  widening  range  of  this 
proof,  and  such  is  its  cumulative  nature  that  it  regularly  grows 
with  the  growth  and  strengthens  with  the  strength  of  true 
science.  Let  us  next  enquire  in  what  manner  the  observations 
of  Geology  bear  upon  the  few  physical  facts  recorded  in  the 
writings  which  we  receive  as  inspired. 

Two  only  points  can;b^  in  any  manner  implicated  in  the 
discussions  of  Geology.     :  . 

I.  The  Noachian  Deluge. 
II.  The  Antiquity  of  the  Earth. 

.  With  regard  to  the  first  of  these  points,  Geology,  far  from 
affording  the  slightest  ground  to  question  the  truth  of  the 
Mosaic  record,  brings  to  its  support  (if  that  which  rests,  securely 
o.n  its  more  appropriate  ground— a  solid  and  immoveable  foun* 
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daitloa  of  moral  evidence — can  be  said  to  require  or  receive 
siuelr  additional  support  from  physical  arguments)  a  strong 
collateral  testimony. 

,  .Without  this  auxiliarj  evidence  it  might  have  been,  and 
indeed  often  has  been,  objected  to  the  fact  of  an  universal 
deluge,  that  such  a  convulsion  involved  supposed  physical  im- 
possibilities ;  but  no  one  can  have  attentively  considered  the 
monuments  of  the  great  changes  with  which  Geology  makes  ui 
acquainted,*  without  at  once  perceiving  that  they  prove  the 
existence  of  an  order  of  things,  in  which  such  convulsions  not 
only  might,  but  actually  did,  take  place.  Let  us  again  quote 
the  words  of  an  author  who  has  himself  examined  with  the 
fullest  precision  the  important  phoenomena  to  which  we  allude. 

*  The  geological  appearances  in  which  we  are  entitled  to  look  for  the 
traces  of  a  catastrophe  violent  and  transitory,  are  obviously  not  those  pre- 
liehted  by  the  original  formation  of  the  strata  constituting  the  Earth's  sui*- 
face,  but  those  connected  with  the  accidents  they  have  subsequently  expe- 
rienced, their  partial  destruction,  the  erosion  and  excavation  of  their  sur* 
face,  and  the  aispersion  of  fragments  torn  from  them,  under  the  form  of 
water-Worn  pebbles,  over  the  general  face  of  the  continents.  In  these  jihoe- 
nomena,  and  the  remains  of  terrestrial  animals  buried  beneath  these  debris, 
the  genuine  geological  evidence  of  this  great  convulsion  resides,  and  not  in 
,  occurrence  of  those  marine  remains  which  form  constituent  parts  of  all  the 
vast  series  of  secondary  strata ;  for  the  agency  of  the  deluge  could  not  have 
been  to  form  th^se  imme^s^  deposits  of  which  the  greater  part  of  the  Enrth's 
crust,  as  far  as  it  is  known,  consists.  On  the  contrary,  it  was  evidently  as 
far  as  it  went  a  destroying  agency,  although  limited  in  its  effects.  It  was 
natural  indeed  that  the  earlier  observers,  while  the  phoenomena  of' the  di«* 
tribution  of  these  marine  remains,  and  the  depth  of  the  masses  formed  By 
then;i,  remained  unknown,  should  refer  them  to  this  cause ;  but  these  points 
being  ascertained,  it  is  obvious  that  their  hypothesis  becanie  untenable,  for 

1st.  Had  these  remains  beeA  brought  to  their  present  situation  by  dilu- 
vial currents,  they  ought  to  be  mingled  confusedly  together ;  we  ought  to 
have  found  the  same  genera  and  species  in  the  lowest  limestones  and  the 
highest  beds  above  the  chalk;  and  those  remains  of  land  animals  which 
appear  undoubtedly  to  be  diluvial,  should  have  be6n  mixed  amongst  them ; 
but  the  fact  is  notorioudy  otherwise,  the  organic  remains  being  distributed 
in  distinct  as8emblajg;cs,  in  such  a  manner  that  each  formation  is  charac- 
terized by  its  peculiar  assemblage,  without  confusion  or  intermixture.  No 
transitory  inundation  can  account  for  the  circumstances  df  this  distribution ; 
they  are  such  as  indicate,  beyond  the  possibility  of  reasonable  doubt,  that 
the  animals  imbedded  in  the  strata  liv^  and  died  in  the  spots  where  they 
are  now  found,  while  these  continued  for  a  long  period  under  the  waters 
of  the  ocean ;  and  that  they  were  there  buried  under  successive  deposits 
formed  beneath  those  waters  durin?  the  progress  of  many  ages.  The  per- 
fect 9tat€  of  many  of  the  most  fragHe  shells  also  proves  that  they  could  nbt 
have  been  drifted  from  a  distance  by  any  violent  convulsion. 

2dly.  There  is  every  reason,  as  we  have  seen,  to  ascribe  the  gravel  debris 
derived  from  the  partial  destruction  of  the  strata  to  the  action  of  the  deluge ; 
but  the  strata  must  evidently  not  only  have  been  formed,  but  also  consoli- 
dated, before  solid  fragments,  such  as  could  have  assumed  the  present  forbi 
of  the  gravel  pebbles,  could  have  been  torn  off"  them.  Now  it  does  nbt 
seem  within  tW  limits  of  physical  possibility  to  ascribe  the  formation  of 
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^^  The  grand  fact  of  an  universal  deluge  at  nb  very  femd^ 
f  eriod  i8  proved  on  grounds  so  decisive  and'inconfrbVeitibltB, 
that,  had  we  never  heard  of  such  an  event  frbm  Scriptiire,  ot 
"ftny  other  authority,  Geology  of  itself  must  have  called  in  the 
tisistahce  of  some  such  catastrophe,  to  explain  the  phdenomenk 
of  diluvian  action  virhich  are  universally  presented,  to  us,  and 
which  are  unintelligible  without  recourse  to  a  dehige  exerting 
'Its  ravages  at  a  period  not  more  ancient  than  that  announced  ill 
the  Book  of  Genesis. 

'''  It  is  highly  satisfactory  to  find  the  following  strong  statc^- 
ment  on  this  subject,  published  by  one  who  deservedly  ranks 
in  the  very  first  class  of  natural  observers,  and  in  the  very 
'centre  of  continental  philosophy.  <  It  may  be  seen,*  says 
Cuvier,  ^that  nature  every  where  distinctly  informs  us  that  the 
commencement  of  the  present  order  of  things  cannot  be  dated 
at  a  very  remote  period;  and  it  is  remarkable  that  mankind 
every  where  speak-  the  same  language  with  nature.'  And  in 
another  place  he  adds,  ^  I  am  of  opinion  with  M.  Deluc  and 
M.  Dolomieu,  that  if  there  is  any  circumstance  thoroughly 
established  in  Geology,  it  is  that  the  crust  of  our  globe  has 
been  subjected  to  a  great  and  sudden  revolution,  the  epoch  of 
which  cannot  be  dated  muck  farther  back  than  five  or  six  thon* 
sand  years  ago ;  and  that  this  revolution  had  buried  all  the 
countries  which  were  before  inhabited  btf  men  and  by  the  other 
animah  that  are  now  best  known.^  Theory  of  the  Earth, 
S  34." 

these  strata  and  their  consolidation  (a  process  which  must  have  evidently 
required  time)  to  one  and  the  same  transient  convulsion  with  their  subse- 
quent partial  destruction :  this  argument  becomes  stronger  when  we  re* 
member  that  there  are  interposed  among  the  strata  themselves  many  beds 
,  of  similar  gravel  (for  instance  beds  consisting  of  rounded  fragments  of  car* 
'  boniferous  limestone  associated  with  the  more  recent  deposits  of  the  second 
red  sandstone),  the  unavoidable  inference  is,  that  the  rock  whence  these 
pebbles  were  formed  must  in  every  instance  have  been  consolidated  before 
the  rock  containing  them  was  deposited;  yet  in  the  instance  before  us  the 
deposition  of  the  conglomerate  rock  must  nave  preceded  that  of  the  highest 
strata,  b^r  the  whole  interval  necessary'  to  account  for  the  formation  of  all 
the  constituent  beds  of  the  oolite,  sand,  and  chalk  series ;  and  all  these  aipain 
must  have  been  contolidated  before  they  were  exposed  to  the  action  of  the 
deluge.  It  matters  not  whether  the  time  assigned  to  these  efiects  be  com* 
paratively  long  or  short ;  it  seems  manifest  that  a  single  year  must  have  bfcn 
totally  inadequate. 

Deeply  convinced  how  injurious  to  the  real' evidence  of  the  deluge  it 
mutt  prove  to  mingle  with  it  phcenomena  which  cannot,  without  ^^atitig 
every  rule  of  physical  reasoning,  be  ascribed  to  that  convulsion;  We  have 
been  the  more  particular  in  urging  these  considerations,  and  again  nioet 
earnestly  deprecate  the  injudicious  interference  of  advocates,  the  sincenqr 
of  whose  intentions  cannot  compensate  for  the  want  of  full  infb^ma^QR 
concerning  the  real  state  and  essential  conditions  of  the  problem  wtiote  if- 
iution  they  undertake. 
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The  M€0iid.pditit  in  which  the  facts  delivered  ia  the  sacred 
record  are  brought  into  contact  ivith  the  deductions  of  G^blogj 
i«^  the  Antiquity  of  the  Earth,  It  has  been  objected  to  the 
authority  of  that  record  that  it  does  not  allow  a  sufficient  period 
for  the  successive  deposition  of  the  secondary  strata,  containing 
as  they  do  the  remains  of  successive  races  of  animals,  which 
q>pear  to  have  lived  and  died  where  they  are  now  found^ 
while  the  deposits  in  which  they  are  buried  were  gradually' 
accumulating. 

Before  proceedinj^  to  consider  the  force  of  this  objection,  we 
are  first  desirous  again  to  recal  to  our  readers,  that  the  great 
subject  to  which  I'evelation  relates,  is  the  f^rovidential  history  of 
man :  the  antiquity  of  the  human  r&ce  is.  therefore  an  essential 
feature  of  that  revelation ;  but  the  questions  whether  any  other 
state  of  our  planet  preceded  that  in  which  it  becan>e  the  habi* 
tation  of  intellectual  and  moral  agents,  and  if  so,  what  convul- 
nons  may  have  happened  to  it  during  that  state,  are  points  with 
lirhich  it  has  no  direct  connection ;  a  perfect  knowledge  of  these 
could  have  furnished  no  topics  calculated  either  to  awaken  the 
slumbering,  or  to  reassure  the  penitent,  conscience. 

Now  with  regard  to  the  antiquity  of  the  human  race,  thja 
conclusions  deducible  from  geological  reasoning  appear  strictly 
in  accordance  with  the  declarations  of  Revelation,  no  humaii 
remains  having  yet  been  found  excepting  in  beds  of  undoubt- 
edly very  little  antiquity.* 

With  regard  to  the  time  requisite  for  the  formation  of  the 
secondary  strata^  we  have  the  choice  of  the  following  hy- 
pothesis. 

1st.  If  we  adhere  to  the  common  interpretation  of  the 
periods  of  creation  as  having  been  literally  days  of  twenty-fovir 
hours,  and  refuse  to  adipit  the  existence  of  another  order  of 
diings  previous  to  that  recorded  by  the  inspired  writer,  we 
niiight  still  perhaps  find  a  sufficient  space  of  time  for  the  pur- 
poses required  in  the  interval  between  the  creation  as'  thus 
limited,  and  the  deluge.  Upon  this  hypothesis  we  must  sup- 
pose the  present  continents  (in  the  greater  part  of  their  extent) 
to  have  been  included  in  the  channel  of  the  primitive  ocean, 
and  to  have  gradually  emerged  thence  during  this  period,  be- 
coming occupied,  as  they  appeared,  by  the  land  animals  whose 
remains  we  find  among  the  diluvial  gravel ;  the  primitive  con- 
tfaients  may  upon  this  supposition  either  have  been  limited  por- 

^  *  It  may  be  enquired  why  we  have  not  met.  with  hui^an  remains  in  fhe 
dflvvial  gsavelt  to  this  it  may  be  answered  that  there  appears  little  reason 
to .  conclude  from  the  sacrea  narrative  that  the  antidiluvian  population 
had  become  numerous,  and  that  it  appears  to  have  been  concentrated  in 
countries  which  have  not  as  yet  received  examination. 


Digitized  by 


Google 


INTRODUCTION. 


tioDS  of  the  present  (such  as  present  no  secondary  rocks),  for 
at  first  it  seems  evident  that  a  limited  space  only  would  be* 
requisite ;  or  if  more  extensive,  they  may  have  been  submerged 
ih  whole  or  in  part,*  during  those  great  convulsions  which 
accompanied  the  deluge. 

Or  secondly,  We  may  perhaps  without  real  violence  to  the 
inspired  writer,  regard  the  periods  of  the  creation  recorded  by 
Moses  and  expressed  under  the  term  of  days,  not  to  have  de- 
signated ordinary  days  of  twenty-four  hours,  but  periods  of 
definite  but  considerable  length;  such  a  mode  of  extending, 
the  signification  of  this  term  being  not  unexampled  in  other 
parts  of  the  sacred  writings.  Those  who  embrace  this  opinion 
will  of  course  assign  the  formation  of  the  secondary  strata>  in 
great  part  at  least  to  these  Do^s  of  cret^mi ;  and  we  have  the 
authority  of  several  divines  in  favor  of  such  aii^  interpretation. 

Or  thirdly,  It  does  not  seem  inconsistent  with  the  authority 
of  the  sacred  historian  to  suppose  that  after  recording  io  the 
first  sentence  of  Genesis  the  fundamental  fact  of  the  original 
formation  of  all  things  by  the  will  of  an  intelligent  Creator,  he 
may  pass, .  sub  sileutio,  some  intermediate  state  whose  ruins 
formed  the  chaotic  mass  he  proceeds  to  describe,  and  out  of 
which,  according  to  his  farther  narrative,  the  present  order,  of 
our  portion  of  the  universe  was  educed  ;  upon  this  supposition 
the  former  world  whose  remains  we  explore  may  have  belonged 
to  this  intermediate  sera. 

It  does  not  become  us  to  propose  hypotheses  of  such  a  nature 
with  any  feeling  of  confidence.  It  is  amply  sufficient  for  our 
purpose  to  shew  that  th^re  exists  more  than  one  mode  by  which 
the  appearances  presented  by  (he  structure  of  the  globe  may  be 
satisfactorily  reconciled  to  the  facts  recorded  by  Moses,  in 
order  to  remove  the  objection  which  has  been,  drawn  from 
them  :  other  hypotheses  tending  to  the  same  effect  may  perhaps 
preseiU  themselves  to  other  minds.  They  who  have  experienced 
the  limits  which  so  soon  present  themselves  to  all  the  researches 
of  human  philosophy  (limits  which  will  ever  be  the  most  dis- 
tinctly recognised  by  those  who  are  able  to  cast  the  most  com- 
prehensive survey  over  its  whole  field,  and  who  have  approached 
the  utmost  boundary  most  nearly)  will  ever  be  content  tp 
acquiesce  in  what  has  well  been  termed  ^^  a  learned  ignoranc^ 
on  many  subjects;  while  at  the  same  time  attributing  a  due 
weight  to  moral  evidence  on  the  one  hand,  and  physical  evi- 

♦  The  notice  with  regard  to  the  rivcri  flowing  from  Eden  apfsear  to, 
indicate  at  least  a  partial  identity  between  the  antimluvian  and  postdiluvian 
continents;  but  this  argument^ is  perhap*  not  decisive,  since  the  names  in 
question  may  perhaps  (as  is  common  in  the  appellatives  of  countciei)  Ju»e^ 
been  generic  terms;  the  whole  context,  however,  certainly  favors  the  for- 
mer idea. 
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deoce  on  the  other,  they  will  be  far  indeed  removed  from  m 
gloomy  and  cheerless  scepticism.  * 

*  *•  The  true  state  of  the  queition  respecting  the  difficulties  that  arise 
from  the  periods  of  time  in  which  the  creation  is  said  to  have  taken  place, 
has  been  set  forth  with  much  ability  and  fairness  by  Mr.  Sumner,  a  aivine 
whose  rational  and  sober  piety  no  person  will  venture  to  dispute,  amd  whose 
admirable  work  on  the  Records  of  Creation,  from  its  originality  of  sen- 
timent, accuracy  of  argument,  and  elegance  of  writing,  ranks  amongst  the 
most  able  productions  of  the  present  day.* 

«*  •  Any  curious  information  as  to  the  structure  of  the  Earth  ought  not,** 
he  says,  **  to  be  expected  by  any  one  acquainted  with  the  ^neral  character 
of  the  Mosaic  records.  There  is  nothing  in  them  to  gratify  the  curiosity 
or  repress  the  researches  of  mankind,  when  brought  in  the  progress  of  cul- 
tivation to  calculate  the  motions  of  the  heavenly  bodies,  or  speculate  on 
the  formation  of  the  globe.  The  expressions  of  Moses  are  evidently  accom- 
modated to  the  first  and  familiar  notions  derived  from  the  sensible  appear- 
ances of  the  earth  and  heavens ;  and  the  absurdity  of  supposing  that  the 
literal  interpetation  of  terms  in  scripture  ought  to  interfere  with  philoso- 
phical inquiry,  would  have  been  as  generally  foreotten  as  renounced,  if  the 
oppressors  of  Galileo  had  not  found  a  place  in  history.  The  concessions, 
if  they  may  be  so  called,  of  believers  in  Revelation  on  this  point  have  been 
amply  remunerated  by  the  sublime  discoveries  as  to  the  prospective  wisdom 
of  the  Creator,  which  have  been  gradually  unfolded  by  the  progressive 
improvements  in  astronomical  knowledge.  We  may  trust  with  the  sam« 
confidence  as  to  any  future  results  from  Geology,  if  this  science  should 
ever  find  its  Newton,  and  break  through  the  various  obstacles  pneculiar  to 
that  study,  which  have  hitherto  precluded  any  general  solution  of  its 
numerous  and  opposite  phenomena.'  ** 

'  After  following  up  these  general  remarks  with  a  more  detailed  ex- 
position of  the  harmony  which  subsists  between  the  facts  observable  in  the 
structure  of  the  earth,  and  a  fair  and  liberal  interpretation  of  the  Mosaic 
account  of  the  creation,  Mr.  Sumner  concludes  nis  statement  with  the 
ioUowin?  satisfactory  result  of  his  investigations. 

**  *  All  that  I  am  concerned  to  estsiblish  is  the  unreasonableness  of 
supposing  that  Geological  discoveries,  so  far  as  they  have  hitherto  pro- 
ceeded, are  hostile  to  the  Mosaic  account  of  the  creation.  No  rational 
naturalist  would  attempt  to  describe,  either  from  the  brief  narration  in 
Genesis  or  otherwise,  the  process  by  which  our  system  was  brought  from 
confusion  into  a  regular  and  habitable  state.  No  rational  theologian  will 
direct  his  hostility  against  any  theory,  which,  acknowledging  the  agency 
of  the  Creator,  only  attempts  to  point  out  the  secondary  instruments  he 
has  employed  It  may  be  safely  affirmed,  that  no  Geological  theory  hat 
yet  been  proposed,  which  is  not  less  reconciUable  to  ascertained  facts  and 
conflicting  phenomena,  than  to  the  Mosaic  history. 

«« » According  to  that  history,  we  are  bound  to  admit,  that  only  one 
general  destruction  or  revolution  of  the  globe  has  taken  place  since  the 
period  of  that  creation  which  Moses  recoras,  and  of  which  Adam  and  Eve 
were  the  first  inhabitants.  The  certainty  of  one  event  of  that  kind  would 
appear  from  the  diKOveries  of  geologers,  even  if  it  were  not  declared  by 
the  sacred  historian.  But  we  are  not  caUed  upon  to  deny  the  potsibU  exittemce  of 
fhremotu  vooHdt^  from  tke  voreck  of^okkh  our  gloie  vuu  orgoMtxeiji  and  the  ruitu  of 
wkiek  are  now  furnuhinv  matter  to  ottr  euriotity.  The  belief  of  t^eir  existence 
it  indeed  consistent  with  rational  probability,  and  somewhjr^nfirmed  br 
the  discoveries  of  Astronomy,  at  to  the  plurality  of  world^^"  Records 
of  Creation,  vol.  S.  p.  356. 
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Book  I. 

SUPERIOR  ORDER. 

Sjnonjmes.     Newest  Floetz  or  Tertiary  Rocks, 

Comprising  the  Formations  above  the  Chalk. 

Chdptelr  I.     JPrelimindrj/, 
section  I.       General  view  of  the  highest  ahd  most  recent  Ae^ 

deposits :    a.  albivial ;    b,  diluvial;    c.  regular 

strata  and  their  division. 
Bection  II.     Strata  above  the   Chalk  generally   considered ; 

a,  nature  and  extent :  bi  subdivisions ;  c.  anala-* 
gous  formations  in  other  countries. 

Chapter  II.     View  of  the  Upper  Marine  formation. 
Section  Ii       Crag;    a.    chemical    and    external    characters; 

b,  mineral  contents ;  c.  organic  remains  ;  d,  i'ange 
and  extent ;  e.  elevation ;  /.  thickness ;  g,  in-* 
clination  ;  h,  agricultural  character ;  t.  phdeno^ 
mena  of  water  and  springs  *,  k.  miscellaneous  re- 
nilEirks. 

Section  II.     Bagshot  Sdhd,  a  to  Ar.  as  above. 
Section  III.  Isle  of  Wight^  a  to  A:,  as  above; 

Chapter  III.     Freshwater  formations. 
Sectibn  I.       General  view,  with  a  note  on  Freshwater  shells 

in  other  formations. 
Section  II.  Upper  Freshwater  formaiion ;  Isle  of  Wight  a  to  it 

as  above. 
iSection  III.  Lower  freshwater  formation ;    Isle  Of   Wight, 

a  to  k.  as  above. 

Chaptier  IV.     London  Clat/. 
Section  I.       Preliminary  view* 
Section  II.     a  to  A:  as  above. 

Chapter  V.     Plastic  Clay. 
Section  I.       Gieneral  view^  a  to  Ar.  as  before. 
Siection  II.     Local  details ;  a.  neighbourhood  Of  Reading ;  b.  at 

London ;  c.  Newhaven  ;  d.  Dorsetshire ;  e.  Isle 

of  Wight. 
appendix,.    On  thc^  formations  above  the  Chalk  in  Lincolnshire 

and  Yorkshire. 
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cond  volume  it  is  intended  to  give  additional  lists  embracing  the  figures 
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DRMATIONS. 


.  {.% 
;.  f.  i. 
.  f.  2. 
.  f.7. 
,  f-4. 
.  f.  3. 
ilcomb  ? 


3. 


Cowes. 
ibid, 
ibid, 
ibid, 
ibid, 
ibid. 


Ixxv.  f.  2.     Shalcomb. 
ixxv.  f.  3.        ibid. 
IXXV.  f.  1.        ibid. 


/es  able  in  this  list  to 
econd  freshwater  for- 
how  far  the  species  are 
re  happy  to  understand 
ed  in  a  work  on  this 
f  requisite  information. 


CLAY. 


I  as  figured  in  Braader. 
t)ux.     Barton. 


LONDON  CLAY. 

Shells  Univalves. 
Thbular  Univalves.     AnneUdm  of  Lamarck* 
Serpula  crassa.     S.  xxx.     Highgate, 
DerUaUum  incrassatum.  S. Ixxix.  f.  3 & 4. Richmond, 
striatum.     S.  Ixx.  f.  4.     Hordwell. 
eutale.     S.  Ixx.  f.  3.  ibid, 

nitens.     S.  Ixx.  f.  1  &  2.     Highgate. 

Spiral  Unwalves  Chambered. 
NummulHes.    Stubbin^ton. 
iVdu/i^  imperialis.     l.u.     Richmond. 

centralis.     1 .  b.     Highgate, 

ziczac.         1.  b.     ibid. 
Ammamies  VLCutvLS.    xvii.  f.  1.    Minsterclif. 

flot  Chambered. 
Sertqfhs  conrolnius.  cclxxxvi.  Bii/i!a  sopita.  Snuid. 
Cypraia  oviformis.    S.  iv.  f.  1 — 4.    Highgate. 
pediculus.     Geo].  Trans,  vol.ii.  p.  204. 
Conus  dormitor.     ccci,  Bart, 

concinnus.  ccoii.  ibid, 

scabriculus.  ccciii.  ibid. 

Terebellum  fusiforme.  cclxxxvii.     ibid» 
Auricula  simulata.    clxiii.  f.  5 — 8* 

turgida.     clxiii.  f.  4. 
Foluta  luctator.    S.  cxv.  f.  l.>  Strombus  Inctal. 
spinosa.     cxv.  f .  3.      ^         Brand, 
ambigua.     cxv.  f.  5.     V,  ambigua.  Brand, 
costata.     ccxc.     Bart, 
magorum.     ccxc.     Bart. 
OUoa  Branderi.     cclxxxviii.     V.  Ispidula. 

Salisburiana.     cclxxxviii. 
Ancilta  aveniformis.    S.  xcix.     VokUa  angliiea  ? 
Lin.  Trans,  vol.  vii.  f.  t.    Blft^li 
turritella    xcix.  ibid. 
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PLASTIC  CLAY. 

Unitaxves. 
Infundibulum  echinatmn.  9.  xCTii.  fig.2«  Plumstead. 

Murek  latin.     S.  xxnu Ibid. 

gradatus.    cxcix.  fig.  6.  'Mii 

rugoans.     cxcix.  fig.  1.9.  ibi4. 

CerUhittm  ffuiicuUtuin.  cxlvii.  f.  1. 9.  Ibid. 

intermediuai*  cftlvii.  fig.  2. 4.  ChaHtoiir 

melanioides.  cxlvii.  fig.  6.  7.  Ibid,  Isle 

of  Wight,  &c. 

Turritella.  n   ^' 

Blanorffis  hemistoiiia.    est!,  fig.  6.    PtumstMd^* " 

Bivalves. 

Ostrea  pulcra.     cclxxix.     Bromlej* 

tener.     cclU.  fig.  2.  -3. 
P^c^nc2//ii^  FiumstedietisiB.    iHini.  f..  S. 
Cardium  Plumstedianum.     xiv. 
Ml/a  plana.     Ixxvi.  fig.  % 
Ciftherea, 
C^c/a^- cuneiformis.     clxii*  fig,  9.  3.     Ptomstead. 

deperdtta.     clxii.  fig.  1.  ibid. 

obovata.     clxii.  fig.  4  to  6.        ibid. 

The  sand  at  the  bottom  of  this  formation  fir^xr 
contains  shells,  but  at  Feyersham  in  Kenty  siHctfied 
casts  of  CncuUtea  decussata,  S.  ccvi.  aad  Jttatha 
canrena  hare  been  ota«erTed» 
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Book  I.    SUPERIOR  ORDER. 
Formations  above  the  Chalk. 

Chap.  I.    Preliminaby.* 

S«ctuHi  I.     A,    general  view  of  the  highest  and  mosi  revtmt 

deposits, 

(a)  jdUitvial.  In  deliveriDg,  according  to  the  plan  proposed 
in  the  introduction,  an  account  of  the  Geological  situation  of^ 
England,  and  tracing  the  disposition  of  the  materials  which  con- 
stitute its  mineral  masses,  following  the  order  of  that  disposi- 
tion in  descending  from  the  formations  which  occupy  the  highest 
place  in  the  series  and  are  therefore  of  the  most  recent  origin, 
to  those  which  serve  as  the  basis  to  all  the  rest  and  must  there- 
fore have  been  formed  at  the  earliest  period ;  the  first  dis- 
tinction which  claims  our  attention,  is  that  between  those 
formations  which  result  from  causes  still  in  operation  arid  which 
actually  proceed  under  our  own  observation,  and  those  which 
have  proceeded  from  a  former  and  different  order  of  things. 
The  former,  which  of  course  where  they  occur  must  occupy  a 
position  superior  to  all  other  fcHmations,  are  however  of  very 
limited  extent ;  they  consist  in  the  accumulation  of  sand  and 
shingle  along  the  sea  coast  and  particularly  in  estuaries ;  in  the 
formation  of  new  lands  on  the  banks  of  rivers  and  lakes  by  the 
alluvial  depositions  they  carry  down,  assisted  by  the  growth  of 
aquatic  plants ;  in  the  growth  and  increase  of  tracts  of  marsh- 
land, from  the  cause  last  specified ;  in  the  accretion  of  cal- 
careous tufa  from  the  deposits  of  springs  running  through  lime- 
stone rocks  and  the  like.  These  formations  appear  to  have 
proceeded  uninterruptedly,  as  at  present,  from  the  period 
when  our  continents  assumed  their  present  form,  and  the  actual 
system  of  what  may  be  called  geological  causes  began  to  op«- 

•  By  the  Rev.  W.  D.  Conybeare,  F.R«^S.  &c, 
a2. 
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rate ;  they  will  of  course  constitute  the  first  term  of  our 
geological  division,  and  may  be  cojiveniently  desigi^ated  l>y 
the  term  Alluvial. 

The  products  of  active  volcanos,  though  of  so  diflFerent  a^ 
origin,  will  of  course  be  referable  to  the  same  aera,  but  of  these 
in  treating  of  this  country  it  is  unnecessary  to  speak. 

(6)  DiluviaL  Next  in  order  to  these,  we  find  a  mantle  as 
it  were  of  sand  and  gravel  indifferently  covering  all  the  solid 
strata,  and  eyidently  derived  from  some  convulsion  which  has 
lacerated  and  partially  broken  up  those  strata,  inasmuch  as  its 
materials  are  demonstratively  fragments  of  the  subjacent  rocks, 
rounded  by  attrition.  The  fragmented  rocks  constituting  these 
gravel  deposits  are  heaped  confusedly  together,  but  still  in  such 
a  n^anner  that  the  fragments  of  any  particular  rock  will  be  found 
most  abundantly  in  the  grayel  of  those  districts,  where  the 
parent  rock  itself  appears  in  situ  among  the  strata.  In  these 
deposits,  and  almost  in  these  alone,  the  remains  of  numerqvi^ 
land  auin^afs  are  found,  many  of  them  belonging  to  extinct 
species,  and  many  others  no  longer  indigenous  to  the  countries 
where  their  skeletons  are  thus  discovered. 

Between  these  accumulations  of  fragmented  rocks  and  the 
tallies  traversing  the  present  surface  of  the  earth,  there  clearly 
(exists  a  close  relation ;  that,  namely,  between  the  breaches 
vhich  have  been  opened  in  the  ruined  strata,  and  the  materials 
which  have  been  removed  from  those  breaches.  The  sam^ 
<^auses  that  have  excavated  the  one,  have  heaped  up  the  other  ^ 
and  these  causes  have  evidently  (as  appears  from  a  general 
examination  of  the  phenomena)  acted  at  once  on  all  the  strata, 
and  at  a  period  subsequent  to  their  original  formation  and  con- 
solidation :  hence  they  must  be  assigned  to  the  last  violent  and 
general  catastrophe  which  the  earth's  surface  has  undergone,^ 
whatever  has  occurred  since  being  either  the  quiet  action  of 
causes  still  continuing  to  operate,  or  convulsions,  violent  in- 
deed, but  of  very  limited  and  local  extent. 

It  has  therefore,  from  the  most  probable  views  concerning 
(.he  nature  of  this  great  catastrophe,  been  proposed  to  designate 
these  formations,  which  natura^lly  constitute  the  second  term 
of  our  geological  series,  DiluviaL 

A  strict  adherence  to  the  pnethod  of  treating  the  formations 
regularly  according  to  a  (l^scendlng  series,  would  naturally 
l^ad  us  to  detail  the  several  facts,  I.  connected  with  the  allu- 
vial formations,  II.  connected  with  the  diluvial  ft)rmations; 
but  many  circumstances  concur  to  render  it  advisable  to  sepa- 
rate the  history  of  these  posterior  formations,  from  that  of  the 
regular  series  of  strata  which  they  cover*  The  history  of  the 
^iluyial  fragments  of  t}ie  pre-existing  ^trata^  coidd.  scarcely  in- 
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4^d  lie  rendered  intedligil^le  m^  some  acqoa&itaiice  wiUi 
the  parent  strata  themselves  had  been  acquired  ;  we  shaU 
therefore  refer  the  fuller  consideration  of  these  sttbjects  to  an 
Appendix;  and  contenting  ourselves  for  the  present  with  the 
above  remarks,  proceed  at  once  to  the  history  of  the  regular 
strata. 

(c)    Regular  Strata  and  their  division.    These  regular  strata 
consist,  as  has  been  observed  in  the  introduction,  of  various 
b^d»  of  sand,  clay,  Hipestone,  and  other  mineral  substances  j 
deposited,  as  is  evident  from  the  exuviae  of  marine  animata 
contained  in  nearly  all  of  them  (with  the  exception  of  the 
iroek»  constituting  the  lowest  and  earliest  group),  at  the  bot-v 
torn  of  the  ocean ;   superimposed  on  one  another  in  regular 
4irder,    and  making  their  appearance  on  the  su^ace  of  the 
^eartl?,  by  emerging  in  succession  fropn  beneath  one  another  as 
the  line  of  that  surface  cuts  the  planes  of  their  stratification, 
which  are  seldom  strictly  horizontal,  although  in  the  more 
recent  rocks  they  approach  very  nearly  to  such  a  positioii ;  bujt 
iki  tbe  older  an  approach  to  a  vertical  position  is  very  frequent. 
In  treatii^  of  these  strata,  the  immense  number  of  the 
ittdivldiial  beds  might  seem  at  first  to   defy  the  powers  of 
enumeration  or  examination,  but  we  shall  soon  find  that  these 
individual  beds  naturally  form  themselves  into  assemblages  of 
similar  strata;  e.g.  we  shall  find  50  or   100  beds  of  chalk 
alternating  with  the  same  number  of  flint,  and-  thus  ec»stituting 
a  siijgle  though  con^pound  whole.    Several  even  of  these  com- 
pounded assemblages  which  occupy  a  neighbouring  positioq 
^ill  also  be  found  to  possess  so  many  points  of  common  analogy 
with  one  another,  that  it  will  be  convenient,  by  a  further  com- 
position, to  constitute  still  more  general  classes  for  their  rev 
caption.     By  this  process,^  the^  almost  infinite  extent  of  the 
subject  becomes  ledoced  withm  manageable  limits ;  the  grand 
divisions  thus  obtained  form  the  landmarks  that  guide  us  in 
the  enquiry,  and  simplify  and  generalise  without  confouadkig 
our  conceptions.     Assujaaing  these  diyisions  then,  it  will  be  the 
object  of  the  following  pages,  inverting  the  above  process,  to 
analyse  each  of  them  into  its  most  essential  elements,  that  the 
accuracy  of  particular,  may  he  added  to  the   simplicity  oC 
general,  knowledge.  • 

The  great  range  of  Chalk  hills  extending  through  the  island 
from  Yorkshire  to  Dorsetshire,  is  so  prominent  a  feature,  na- 
turally, as  well  an  geologically,  of  its  surface,  that  it  forms  a 
most  convenient  line  of  demarcation  ;^  and  the  relations  of  the 
deposits  which  occur  reposing  upon  the  chalk,  and  occupying 
the  areas  eircumscribed  by  it,  are  such  that  they  natural  It 
form  thefnsehret  into  oi^^  pf  the  gran^  divisions  abo^  allndeci 
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to;  this  division  will  comprise  the  highest  in  the  EnglU^ 
series  of  regular  strata,*  and  therefore  occupy  the  first  place  ia 
our  arrangement. 

Section  II.     Strata  above  the  Chalk  A 

(a)  Nature  and  extent*  These  consist  of  various  heds  of 
sand,  claj^  marie,  and  imperfectly  consolidated  limestone* 
They  occupy  two  extensive  tracts,  each  circumscribed  by  th* 
hills  of  the  chalk  formation,  excepting  where  the  line  of  sea 
coast  traverses  their  areas  and  conceals  their  continuation. 

Since  the  chalk  formation,  dipping  on  all  sides  though  ge<« 
nerally  at  a  scarcely  perceptible  angle  beneath  these  forma- 
tions, forms,  when  viewed  on  the  large  scale,  concave  areas  in 
which  they  have  been  deposited,  those  areas  have  been  de^ 
|iominated  basins ;  but  it  must  not  be  inferred  from  this  term 
that  the  chalky  edge  of  the  basin  can  be  traced  completely 
rpund,  since  the  interference  of  the  line  of  coast  prevents  thi«* 
The  most  northerly  of  these  basins  has  been  denominated  that 
of  Lpiidon,  from  its  including  the  metropolis;  the  southern 
that  of  the  Isle  of  Wight,  because  the  northern  portion  of 
thut  island  falls  within  it. 

•  No  superior  or  more  recent  regular  formations  are  known  to  exist  in 
any  part  of  the  earth  yet  examined,  with  the  exception  of  some  trap  rocks 
probably  of  volcanic  origin. 

+  The  earliest  published  account  which  convevs  any  distinct  information 
of  these  strata,  is  a  series  of  papers  by  Mr.  Middleton  on  the  Mineral  Strata 
of  Great  Britain,  inserted  in  the  Monthly  Magazine  for  October  1812  and 
following  months;  which,  although  not  written  in  scientific  langua^,  and 
containing  some  inaccuracies,  yet  possesses  very  considerable  merit.  He 
rightly  enumerates  the  beds  above  the  chalk  in  the  following  order :  1. 
Vegetable  mould ;  S  and  3.  Brick  earth  and  shells,  sand,  and  gravel,  (the 
upper  marine  formation  of  this  volume) ;  4.  London  clay ;  5.  Shells,  peb- 
bles, sand,  and  pipe  clay  containing  wood  coal  occasionaHy,  and  resting  on 
the  white  sand  wliich  covers  the  chalk  (our  plastic  clay  formation),  Th^ . 
account  given  of  each  of  those  beds,  though  short,  exhibits  fairiy  all  the 
most  staking  features  and  localities,  and  requires  correction  in  very  few 
instances. 

Mr.  Webster's  interesting  discovery  however  of  the  alternation  of  fresh^ 
water  formations  with  those  of  marine  origin,  thus  establishiijie  the  perfect 
analogy  of  the  French  and  £nglish  series,  and  the  more  scientific  character 
of  his  memoir,  have  undoubtedly  given  to  his  name  a  just  precedence 
.unonest  the  observers  of  these  formations ;  and  his  materials  were  com- 
pleted long  before  the  publication  of  Mr.  Middletc^'s  paper.  Each  indeedl 
appears  to  have  been  perfectly  unacquainted  with  the  researches  of  the. 
other. 

Subsequently,  Mr.  Buckland  has  completed  the  history  of  the  lower 
members  of  these  formations;  but  we  stiU  remain  without  any  particular 
memoir  on  the  upper  members  as  they  appear  in,  Suffolk,  and  round  Bag-^ 
shot ;  Mr.  Warburton  however  is  understood  to  be  engage^  in  Hip^l^^ing^ 
this  deficiency* 
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The  boundary  of  the  first  of  these  basins  may  be  stated 
generally  as  a  line  running  from  the  inner  edge  of  the  chalk 
south  of  Flamborough  Head  in  Yorkshire  nearly  south  till  it 
crosses  the  Wash,  then  south-west  to  the  upper  part  of  the 
\ralley  of  the  river  Kennet  near  liungerford  in  Wiltshire,  attd 
thence  tending  south-east  to  the  north  of  the  Thames  and  th« 
north-west  angle  of  the  Isle  of  Thanet :  in  all  these  directions 
the  bounding  line  is  formed  by  the  chalk  hills ;  on  the  east  side 
the  boundary  is  the  coast  of  the  German  ocean. 

The  boundaries  of  the  Isle  of  Wight  basin  may  be  generally 
assigned  by  the  following  four  points :  on  the  north,  a  few 
miles  south  of  Winchester;  oi^  the  south,  a  little  north  of 
Carisbrook  in  the  Isle  of  Wight ;  on  the  east,  Brighton ;  and 
on  the  west,  Dorchester.  It  is  every  where  circumscribed  by 
chalk  hills,  excepting  where  broken  into  by  the  channel  be- 
tween the  Isle  of  Wight  and  the  main  land. 

(Jb)  Subdivisions.  The  nature  of  the  beds  occupying  these 
mreas,  has  before  been  generally  stated  ;  we  have  now  to  con<* 
sider  them  more  attentively  in  the  detail ;  in  doing  this  we  shall 
find  the  occurrence  of  a  very  thick  bed,  or  rather  formation  of 
iQlay,  marked  by  peculiar  fossils,  near  the  middle  of  the  series, 
to  afford  a  very  convenient  division.  This  bed  has  been  called 
the  London  clay,  as  forming  the  substratum  of  the  metropolis 
The  beds  above  this  are  remarkably  distinguished  by  the 
agreement  of  the  greater  part  of  the  shells  they  contain,  with 
those  still  existing  in  the  adjacent  seas ;  three-fourths  of  the 
fossils  exhibiting  this  agreement,  while  scarcely  one-fourth  of 
those  in  the  London  clay,  and  still  fewer  in  the  lower  strata, 
can  be  referred  to  such  originals.  Moreover  it  is  in  this  upper 
part  of  the  series  in  the  Isle  of  Wight,  that  that  most  impor- 
tant phenomenon,  the  alternation  of  beds  containing  the  shells 
f)eculiar  to  fresh  water  with  those  of  marine  origin,  occurs : 
hence  the  following  subdivisions  of  the  strata  above  the  chalk 
will  naturally  result. 


/u        i-uT^        1       ^L  Upper  marme  formations. 
J,  above  the  London  clay  <_    r^^  u      x     r         *• 

^    f2.  Freshwater  formations. 

"■ • li 


The  London  Clay. 
Plastic   clay   and  sand    bc^ 

tween  the  London  clay  and 

the  chalk. 

As  a  farther  proof  oT  the  propriety  of  this  division,  it  dc- 
«e*ves  attention  that  in  the  Isle  of  Wight,  where  a  great  con- 
Ynlsion  has  elevated  the  chalk  into  a  vertical  position,  the 
London  clay  has  been  similarly  affected;  while  the  upper 
strata  are  placed  horizontally  over  these^  and  have  been  uij- 
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disturbed,  which  clearly  indkates  that  an  interval  elapsed 
between  the  two  formations. 

(c)  Analagous  formations  in  other  countries.  Before  pro- 
ceeding to  consider  these  subdiTisions,  a  few  words  may  ht 
ftdded  on  the  general  extent  of  formations  of  this  aera  in^  Europe. 

They  may  generally  be  recognised  at  once  from  the  loose 
Itnd  unconsolidated  st^te  of  the  beds  composing  ttiem,  from 
the  greater  abundancie  and  variety  of  their  fossil  shells^  especi- 
ally univalves,  and  from  the  high  statfe  of  preservation  of  those 
femains ;  which,  being  seldom  in  any  degree  mineralized,  have 
undergone  no  further  change  than  the  loss  of  their  colouring 
matter,  and  perhaps  of  part  of  their  animal  matter  and  phos-« 
phoric  acid,  and  might  often  be  mistaken  for  recent  shells. 

The  extensive  tract  called  the  basin  of  Paris,  exhibits  a  closi^ 
conformity  to  that  of  the  Isle  of  Wight,  as  will  be  hereaftet 
pointed  out,  both  in  the  fresh-Water  and  marine  formations ;  aif 
escact  coincidence  being  observable  in  the  shells  of  both  dis- 
tricts. 

Another  similar  tract  of  fresh-water  and  marine  formations 
Occurs  in  the  south-west  of  Ffance  surrounding  A  gen  (depart- 
ment Lot  et  Garonne)  ;  and  hence  these  modem  beds  stretch 
to  the  very  foot  of  the  Pyrenees  to  Pau  on  the  south-west,  and 
Carcassdhe  on  the  sotith-east.  There  is  yet  ftoother  of  these 
recent  districts  near  Aix  (Bouchcs  du  Rhone),  where  fish  re-' 
Mmbling  those  of  Monte  Bolca  are  found. 

On  the  north-east,  the  beds  above  the  chalk  raiige  from  neaF 
Calais  through  the  Netherlands  to  Aix  la  Chapel  le  ;  at  Cassel, 
Brussels,  Maestricht,  and  Aix,  great  deposits  of  their  shefls^ 
may  be  seen,  but  these  differ  considerably  from  those  of  the 
English  series;  and  the  Maestricht  beds  appear  to  be  older^ 
and  approach  more  nearly  to  the  age  of  the  chalk. 

The  north  of  Germany,  to  some  distance  from  the  shores  of 
the  Baltic,  seems  occupied  by  these  formations ;  they  are  how- 
ever generally  concealed  by  an  immense  accumulation  of  di-* 
luvial  debris ;  but  near  the  hike .  Sweiln  in  Mecklenburg ,- 
deposits  of  shells  are  found  which  must  be  referred  to  thisr 
class ;  and  the  gypsum  of  Luneburg,  close  to  which  a  chalk  pit 
is  opened,  must  belong  to  the  same  formation  with  that  of  the 
basin  of  Paris. 

Along  the  course  of  the  Rhine,  near  its  junction  with  the' 
Maine,  freshawater  and  marine  beds  of  the  same  class  are  found*- 

In  the  great  valley  of  Switzerland,  and  especially  near  the 
lake  of  Constance,  siniilar  formations  occur,  and  Professor 
fittckland  has  discovered  that  the  Nagleflue  ot  that  district 
Which  often  forms  considerable  mountains,  is  a  conglomerate  of 
the  Mtrne  age*     These  recent  formations  stretch  through  the 
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Whole  subalpine  valley  t(i  Vienna,  and  maj  be  traced  in  Hua« 
garj  and  Moravia  in  detached  localities. 

In  Italy,  formations  of  the  same  age  constitute  the  subappenine 
hills  occupying  the  wide  expanse  of  the  valley  of  the  Po,  and 
thence  forming  a  zone  skirting  the  shores  of  the  Adriatic  even 
to  the  point  of  Otranto ;  on  the  west  side  of  the  Appenines 
i^ej  occur  less  extensively,  being  very  generally  covered  by 
the  products  of  the  volcanoes  which  have  ravaged  that  side  of 
Italy;  they  riiay  ho^yeve^  be  traced  in  the  Val  d'Amo,  ui 
Rome  itself  mingled  with  volcanic  products^  aiad  in  other 
placeSk  The  description  of  the  Italian  formations  agrees  very 
closely  with  that  of  thfe  basin  of  London,  but  there  is  often 
(considerable  difference  in  the  species  of  shells  they  contain  ; 
perhaps  not  more  than  one<-third  can  be  considered  as  common 
to  the  two  districts. 

Sicily,  Dalmatia,  and  parts  of  Greece  appear  to  exhibit  simt* 
lar  beds,  and  Malta  to  be  composed  entirely  of  them. 

In  Spain,  several  tracts  of  fresh-water  formation  have  been 
observed,  but  they  seem  to  be  of  very  local  and  limited  occur 
i^nce;  the  deposit  of  shells   at  thfe   foot  of  the  hill  of  St. 
Julians  near  Alicant,  described  by  Mr.  Townshend,  seems  to 
be  clearly  of  this  age. 

In  the  north  of  Europe',  Coiint  Von  Buch  mentions  that  at 
the  head  of  several  of  the  Norwegian  Firths  surrounded  by 
primitive  hills^  he  found  sniall  deposits  of  clay  full  of  shells 
feseihbling  the  recent^  but  at  the  height  of  more  than  100  feet 
above  the  actual  level  of  the  sea  ;  these  seem  to  be  the  traces^ 
faint  indeed,  of  the  action  of  the  causes  which  have  produced 
more  extensive  similar  deposits  in  others  quarters,  and  to  be 
referable  to  the  most  recent  of  these  deposits. 

In  Iceland,  a  deposit  of  this  nature  appears  to  constitute  the 
solitary  exception  to  the  general  prevalence  of  igneous  products 
in  the  composition,  of  that  country ;  for  we  find  a  hill  of  clay, 
full  of  shells  of  the  Venus  Islandica,  near  Husavik,  mentioned 
as  the  only  instance  of  the  occurrence  of  marine  remains  in 
that  island  :  the  shells  are  of  a  smaller  species  than  those  now 
found  in  the  neighbouring  sea. 

•  In  North  America,  the  tract  extending  between  the  Atlantic 
and  the  Alleghany  mountains,  appears  to  be  composed  prin- 
cipally of  formations  of  this  character :  organic  remains  from 
this  quarter  are  preserved  in  the  Woodwardian  collection  at 
Cambridge. 

A  series  of  specimens  has  lately  been  presented  to  the 
Geological  Society  from  the  plain  at  the  foot  of  the  Himmaleh 
mountains,  which  exhibit  a  close  agreement  in  character  with 
those  of  the  Ixmdon  clay, 
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In  Lower  Egypt,  analogous  formations  pi;obably  o,cci)r,  since 
ft  coaFse  marly  limestone,  full  of  nummulites^  is  found  near  the 
pyramids. 

Althou^li  m  England  these  deposits  contain  no  important 
minerals,  a  few  specimens  of  scrlenite,  of  sulphate  of  barytes 
and  of  resinous  substances  making  up  the  Hst,  on  the  continent 
they  are  more  productive  ;  the  beds  of  gypsum  frequently  be- 
come very  important,  sulphur  is  also  often  found  in  considerable 
quantity,  amber  and  other  resins  probably  of  vegetable  origin,^ 
also  occur. 

CHAPTER  11. 

General  View  cfihe  Upper  Marine  FormaHon» 

In  the  divisions  above  assigned,  the  reasons  have  been  given 
for  making  the  beds  which  repose  upon  the  London  clay,  tl^ 
first  object  of  our  detailed  enquiry ;  the  propriety  of  separating 
tbe  consideration  of  those  of  marine  and  fresh- water  forma:^i<N>( 
is  sufficiently  obvious,  to  which  it  may  be  added  that  the  latter 
occur  only  in  a  single  district. 

Strata,  distinct  m  character  from  the  London  clay,  and  ren 
posing  upon  it^  may  be  traced  in  two  separate  tracts  wi;thin  the 
London  basin ;  first,  occupying  a  considerable  district  oi%  tfafii 
east  coast  of  Suffolk,  of  which  it  forms  the  low  cliffs,  and 
secondly,  forming  the  substratum  of  Bagshot  heath,  and  othei^ 
adjoining  tracts  of  similar  character.  In  the  IsliQ  of  Wight 
basin,  it  has  already  been  observed  that  the  marine  stratA 
alternating  with  those  containing  fluviatile  shells,  occupy  a  mm^ 
lar,  i.e.  superior,  position  with  regard  to  the  London  clay ;  and 
Mndy  tracts^  seemuigly  holding  the  like  place,  may  be  Coi^ihI:  in 
other  parts  of  that  basin.  That  the  beds  occurring  m  the 
several  districts  above  mentioned,  agree  in  the  relation  of  theijn 
posterior  formation  to  the  London  clay,  is  manifest ;  but  th^ 
they  are  strictly  identical  or  contemporaneous^  does  n§t  h^ioet 
follow  as  a  certain  inference,  since  they  may  all.  have  h^m, 
local  and  unconnected  deposits :  it  will  therefore  in  the  prea^nt 
sritate  of  our  information  be  most  advisable  to  dedicate  a  sepa* 
rate  article  to  the  exposition  of  the  geological  facts  conaectftd 
with  each  of  the  above  districts* 

1.  That  of  Suffolk,  where  the  deposit  resting  on  the  Londof^ 
clay  appears  as  a  sand  or  gravel  enclosing  shells  of  peculiar 
characters;  the  whole  mass  having  obtained  the  local 
anpellation  of  Crag. 

%  The  sandy  beds  of  Bagshot  and  th^  neighbouring  heatluu 
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3.  The  naarine  stratum,  alternating  with  those  of  fresh  wat^r 
in  the  Isle  of  Wight,  which  consists  of  a  shelly  marie  ; 
th6  other  tracts  within  the  Isle  of  Wight  basin  have  not 
been  examined,  but  appear  to  agree  nearly  with  the  saad 
of  Bagshot  heath. 

These  beds,  but  more  especially  the  Bagshot  sand,  seem  to 
present  near  analogies  to  the  sand  of  the  upper  marine  formation 
m  Ifae  basin  of  Paris.    (C.) 

Section  L     Crag  of  Suffolk. 

Xa)  External  characters.  At  Walton  Naze,  a  point  of  land 
ahout  16  miles  south-east  of  Colchester  in  Essex,  it  constitutes 
about  SO  feet  of  the  upper  part  of  the  cliff,  the  lower  15  feet 
being  of  the  London  clay.  It  there  consists  of  sand  and  gravel 
enclosing  shells,  and  the  same  characters  prevail  also  beypnd 
the  Nase  in  the  projecting  cliff  of  Harwich ;  but  it  also  includes 
friable  masses  of  ferruginous  sand,  somewhat  cemented  to^ 
|;ether,  and  also  enclosing  shells.  The  same  occurs  again  <m 
the  Suffolk  side  of  the  river  Stour  (G.  T.  vol.  i.  p.  327).  Cr^ 
is  a  local  name  for  gravel. 

(6)  Mineral  contents.  The  only  remark  under  this  head 
appears  to  be,  that  the  sand  and  gravel  and  organic  remains 
enclosed  in  them,  often  exhibit  tints  which  bespeak  a  consider- 
able impregnation  of  iron. 

(c)  Organic  remains.  Among  the  fossils  which  have  bewi 
enumerated  as  belonging  to  these  beds,  many  agree  with  those 
in  the  upper  marine  formation  in  the  Paris  basin.  (G.  T.  vol.ij. 
p.  218).  The  shells  are  found  in  an  excellent  state  of  preser- 
tation,  and  though  generally  in  a  confused  mixture,  are  some- 
thnes  so  disposed  that  patches  of  particular  genera  and  qpecies 
appear,  as  is  the  case  with  the  small p^c/e»,  the  mactrce^  and 
the  left-turned  whelk.  Like  fossils  of  most  other  strata,  this 
assemblage  of  shells  manifests  a  peculiar  distinctive  character. 
A  few  shells  only^  which  may  he  placed  among  those  which  are 
supposed  to  be  lost^  or  among  those  which  are  the  inhabitants  of 
ihe  distant  seasy  are  here  discoverable ;  the  greater  number 
not  appearing  t&  differ  specifically  (as  far  as  their  altered  stat^ 
will  allow  of  determining^)  from  the  recent  shells  of  neighbour^ 
ifig  seas.  Among  those  of  which  no  recent  analogue  is  know% 
appears  to  be  the  terebratula  figured  in  Dale's  historjr  and 
«itiquities  of  Hanvich,  &c.  tab.  11,  fig.  9,  p.  294,  and  dei- 
cfibed  Phil.  Trans.  No.  291,  p.  1578.  This  shell  is  in  gmertkl 
about  an  inch  and  a  half  long,  thick ^  nearly  ova(,  rougldy  stri- 
litcd  transversely,  and  has  its  large  foramen  defihed  by  a  dis- 
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tinct  border.     It  appears  to  diiFer  from  every  known  recent  on 
foreign  terebratula.    Another  of  the  probably  lost  shells  of  this 
stratum  is  the  fossil  oyster^  figured  Organ,  rem.  &c.  vol.  iii, 
pi.  14,  fig.  3,  and  which  is  there  considered  ^o  be  the  same 
oyster  as  that  which  is  described  by  Lamarck  as  ostrea  defor^ 
mis  I  also  the  volute^  Org.  rem.  vol.  iii.  pi.  5,  fig.  1 3,  and  the 
Essex  reversed  whelk^  as  it  has  be;en  termed,  murex  contrarius 
Linn.  Hist.  Conch,  of  Lister,  tah,  950,  fig.  44,  b  c,  is  here  very 
abundant ;  but  the  fossil  shell,  with  the  whirls  in  the  ordinary 
direction,  is  sometimes  also  found  in  tnis  stratum.    Among  the 
recent  shells^  the  resemblance  of  lyhich  to  ^he  fqssil  ones  of 
this  stratum  is  such  as  appears  to  render  a  comparison  by  an 
experienced  conchologist  necessary,  may  be  enumerated,  Fo' 
tella  angarica,  Patella  militarise  Patella  sinensis  (Calyptrea 
Lam.),  Patella  Jissura  (Emarginula  Lam.),  one  or  t^fP  species 
of  patellae  with  a  perforation  in  the  apex.  Fissure lla  f  Lam.), 
Merita  glaucina^  Nerita  canrena  (Natica  Lam.),  Turbo  terebra 
(Turritella  Lam.),  Murex  corneus^  Murex  erinaceusy  Strombus 
pes  pelicaniy  Cyprcea  pediculus  with  no  sulcus  along  the  back, 
Pholas  cuspatusj  in  fragments,  Solen  ensis  ancl  fsolen  siliqua  in 
fragments,  Cardium  edule^  Cardium  aculeatum  ?  bearing  the 
size  and  form  of  this  shell,  but  having  from  34  to  36  ribs  with 
|io  depressed  line  down   the  ipiddie  nor  vestiges  of  spines ; 
Mactra  solida^  Fenus  excletOj  Venus  scotica^  Venericardid  sen^i* 
Us  Lam.,  Area  gly cent eris^  Area  nucleus.    Besides  these  remains 
of  marine  animalsy  the  fossil  hollow  tubercles,  having  lost  the 
spines,  of  the  thornbacjc  are  here  found  ;  also  fragments  of  the 
fossil  palate  (Scopola  liltoraUs.oi  Lhwydd)  and  fpssil  remains 
of  sponge  and  alcyonia,  particularly  a  very  fair  specimen  of 
the  reticulated  akyonium  (Org.  rena.  vol.  ii.  pi.  9*  l^g.  9,)     In 
this  bed,  and  among  the  gravel  and  the  shells,  are  frequently 
found  fragments  of  fossil  bonesy  which  possess  some  striking 
peculiarities.     They  are  seldom  more  than  half  an   inch  in 
thickness,  two  inches  in  width,  and  twelve  in  length  ;  always 
jhaving  this  fiat  form,  and  generally  marked  with  small  dents 
or  depressions.     Their  colour,  which  is  brown,  light  or  dark, 
and  sometimes  inclining  to  a  greenish  tint,  is  evidently  derived 
from  an  impregnation  with  iron.     From  this  impregnation  they 
have  also  received  a  great  increase  of  weight  and  solidity'; 
from  having  been  rolled  they  have  acquired  considerable  polish ; 
and  on  being  struck  by  any  hard  body,  they  give  a  shrill  ring- 
ing sound.     These  fragments,  washed  out  of  the  stratum  in 
which  they  have  been  imbedded,  are  found  on  the  beach  at 
Walton,  but  occur  in  much  greater  quantities  at  Harwich.    To 
what  animal  these  bones  belonged  is  hot  known ;  but  ^  large 
fossil  toothy  probably  of  ^he  mammoth^  was  found  within  th^ 
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last  few  years  on  the  beach  at  Harwich,  (G.  T.  toI.  i.  p.  327^-* 

336.). 

(rf)  Bange  and  extent.  The  extent  of  this  bed  has  not  yet 
been  completely  ascertained.  The  nearest  point  to  the  metro- 
polis at  which  it  is  seen,  is  Walton  Nase  in  Essex,  where  it  is 
exposed  on  the  cliff  for  300  paces  in  length ;  it  caps  the  cliffs 
on  both  sides  of  Harwich.  Quarries  of  it  are  worked  on  the 
southern  bank  of  the  river  Orwell  in  Suffolk,  and  near  South* 
wold,  which  is  about  two  miles  south  of  Lowestoff  in  the  same 
county,  it  appears  in  the  cliff,  together  with  sand  and  red 
loam  covering  the  London  clay.  But  it  may  be  concluded  that 
the  extent  of  this  stratum  is  very  considerable,  since  the  same 
bed  qf  shells  is  found  on  digging,  through  Suffolk  and  a  great 
part  of  Norfolk ;  thils  appearing  to  extend  over  a  tract  of  at 
least  40  miles  in  length.     (G.  T.  vol.  1.  p.  377  &  529.) 

(e)  Elevation,  The  country  formed  by  this  bed  is  extremely 
flat ;  its  surface  may  be  considered  as  rarely  exceeding  50  or 
60  feet  above  the  level  of  the  sea. 

(/)  Thickness,  The  thickness  of  this  bed  i&  visible  only  per* 
haps  on  the  coast  of  Essex,  near  Walton  Nase,  where  it  amounts 
to  about  30  feet,  and  on  the  cliffs  on  both  sides  of  Harwichj 
"ffhere  its  thickness  is  nearly  the  same. 

(g)     Inclination*    It  is  nearly  horizontal. 

(h)  Agricultural  character.  The  tract  occupied  by  this 
formation  in  Suffolk  and  Norfolk,  affords  a  sandy  soil  blended 
with  rich  loams,  and  constitutes  one  of  the  most  fertile  and 
highly  cultivated  districts  in  England.  The  shelly  mass  of  the 
:  itself  also  forms  a  useful  improvement  to  the  poorer  sands* 


(i)  Phuenotnena  of  water  and  springs.  This  formation  it 
generally  porous,  and  affords  no  quantity  of  water  except  when 
pierced  through ;  the  water  is  then  thrown  up  by  the  retentive 
substratum  of  the  London  clay.     (C.) 

{k)  Miscellaneous  Observations,  The  crag  seems  to  claim 
priority  of  description,  as  being  probably  the  newest  bed  of  the 
nppe^  marine  formation,  to  which  it  is  generally  considered  to 
beloiig'  by  the  best  observers.  The  striking  peculiarities  be- 
longing to  the  organic  remains  it  encloses,  are  worthy  of  par- 
ticuiar  note.  It  has  not  hitherto  been  observed  in  immediate 
connection  with  either  of  the  beds  which  are  here  associated 
]fith  it  as  belonging  to  the  same  formation. 
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Section  li,     Bagshot  Sand. 

'(&)  External  Characters.  This  bed  consists  chiefiy  of  «ili- 
c^eou^  sand  and  sandstone  without  any  cement,  but  occasionally 
Includes,  or  is  associated  with,  brick  earth  (G.  Map). 

The  Grey 'Weathers  or  Druid'Stone^  of  which  the  principal 
Itiasses  of  Stonehenge,  and  those  near  Amesbury  in  Wiltshire^ 
ftiiA  the  sandstones  overlying  the  chalk  in  many  other  places^ 
tfonsist,  do  not  appear  to  have  been  seen  in  a  continuous  bed, 
l!)ttt  Ivere  probably  once  imbedded  in  sand.  At  Stonehenge, 
Hie  largest  exceed  seven  feet  in  breadth,  three  in  thickness, 
*Yid  fifteen  in  height.  The  sandstone  is  so  hard  as  to  require 
blasting  by  gunpowder,  and  is  used  for  paving  and  building. 
iVihdsor  'Castle  and  Lord  Carrington's  house  are  constructed 
of  it.     It  is  also  sometimes  tenned  Sarsden^stone  (G  Notes). ^ 

'Chalk  flints  are  sometimes  imbedded  in  the  Groy-weathef» 
bt  Wiltshire,  (G.  T.  vol.  ii.  p.  2^4).  And  small  flint  pebble* 
often  occur  in  the  sandstone  of  High  Wyeombe,  and  St.  Anne's 
Bift.  At  Purbright,  and  many  parts  of  the  surrounding  couir- 
try,  loose  blocks  of  a  stone  £»*e  found,  resembling  those  tentie^ 
the  'Grey- weathers. 

(b)  Mineral  contents  \  none. 

(c)  Organic  remains.  Casts  of  various  shells  are  found  in 
Iftits  ^nd  on  Bagshot  heath,  but  are  frequently  so  imperfect  as 
'to  preclude  the  possibility  oTf  ascertaining  their  species.  Mr. 
Warburton,  who  has  presented  an  interesting  collection  from 
that  place  to  the  Geological  Society,  remarks  that  they  exhibit 
'Circumstances  of  agreement  with  those  of  the  Upper  marine 
formation  of  Paris.    (C) 

(rf)  Range  and  extent.  The  term  Bagshot  sand  is  here  used 
Yather  in  a  generic  than  specific  sense,  for  it  is  intended  to  in- 
Cltide  not  only  the  extensive  covering  of  sand  which  overlies 
the  London  clay,  and  which  is  known  by  the  name  of  Bagshot 
Seath,  and  that  of  Frimby  and  Purbright  Heaths  and  other 
Jjatches  on  the  south  of  them  in  Surrey  which  are  scarcely  disp 
Joihed  from  it,  hut  also  ihe  sand  oi"  Hampstead  in  Middlesex. 
7^0  details  of  these  considerable  deposits  of  sand  have  hitherto 
Tjeen  made  public,  except  in  regard  to  their  extent,  which  is 
^hetvn  on  Mr.  Gre©noiigh*s  map ;  whence,  we  may  observe 
fhaft  in  it§  usual  form  of  sand,  it  covers  the  London  clay  from 
near  Finchley  on  the  north,  to  the  south  of  Hampstead,  and  on 
the  east  of  that  line,  forms  a  part  of  the  eminences  on  which 
Highgate  and  Homsey  are  built.  The  same  sand  is  again  visible 

*  It  is  not  however  certain  that  these  sandstones  may  not  rather  bt  refer- 
able to  the  sand  of  the  plastic  clay.    (C.) 
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Qf^ar  Egbanit  on  the  north,  extending  sonth>  thon^  not;  ni^VH 
terruptedlj,  to  within  a  few  miles  of  Guildfoi'd  in  Surrey^  ap4 
from  near  Kingston  to  a^bout  seven  mile^  west  of  Bai^h^^ 
occupies  a  part  of  Windsor  forest. 

(e)  Height  of  hills,  Sfc.  This  sand  is  fonnd  forming  or  Qovef«i 
ing  a  few  eminences  of  no  very  considerable  height,  $iich  an 
Hampstead  and  Highgate  hills  in  Middlesex,  St.  Anne's  and 
Shrubs  hill  west  of  Chertsey,  Chobham  ridges  and  Rompis^ 
4owns  north  of  the  Hog's  back,  and  St«  George^s  hill  o^  th^ 
south  of  Weybridge  in  Surrey ;  several  other  elevations  art^ 
visible  in  the  same  county,  as  on  the  south  of  Esher  and  severe) 
parts  of  Bagshot  and  Frimby  heaths.  Its  greatest  elevatioi^ 
(C.)  amounts  to  463  feet. 

(/)  Thickness,  The  thickness  of  the;^  sands  doe)9  not  Bfm 
p^ar  to  have  been  determined. 

(g}  Inclination  of  the  beds.  Appears  to  be  confonai^ble  tQ 
that  of  the  subjacent  London  clay  and  nearly  horizontal. 

(h)  AgricuUiiral  character.  The  agricultural  character  of 
this  district  differs  materially  from  that  of  the  crag,  presenting  £| 
poor  hungry  sand  and  producing  only  heath  and  furze :  hencft 
the  numerous  tracts  of  unimproved  and  unAmprQv^ble  wMieji 
which  are  allowed  to  remain  even  in  the  imn^^dlate  neighbioui^ 
hood  of  the  metropolis.     (C.) 

(i)  Phcenomena  of  water  and  springs.  These  beds^  beJiD§ 
loose  and  porous,  yield  water  only  when  thrawn  Hp  by  the  sub^i 
ftratuin  of  London  clay*    (C.) 

Section  IIL    Isk  of  Wight* 

(a)  Chemical  a»i  ewtermitl  chttracien^  All  thai  i&  knowi^  of 
th|9^  bed  has  been  published  in  tUe  interesting  paper  on  the  strata 
overlying  the  chalk,  in  the  second  volume  of  the  Geological 
Society's  Transaction^  by  A(r.  Websler,  Secretary  to  the  Geo- 
logical Society,  who  deseribes  this  bed  as  consisting  chi^y  erf 
marie  of  a  light  greenish  colour. 

(6)     Mineral  contents.     It  does  not  appear  to  contain  any. 

(c)  Organic  remains^  The  marine  4iells  found  in  this  bed 
in  Headon  hill  consist  of  cerithla,  many  species,  and  of  cyclas, 
liytherea,  ancilla,  &c.     The  shells  are  so  numerous  that  they 

*  In  the  continental  portion  of  the  basin  denominated  from  the  Isle  of 
Wight,  there-  ^re  som^  tracts  oC  sand  and  gravel  occupying  Beauliiiu,  and  a 
part  of  the  New  Forest  in  Hampshire,  and  reposing  apparently  on  the 
London  clay;  these  therefore  are  probably  contegiporapeoys  with  the  beds 
4|fefcrH>e4  i.O  thiji  articte^  Mr.  Gireenotigh  coasiders  them  as  agreeing  with 
(he  aavA  of  the  fonn^F  ^ectioA :  %ke  ml  Otf  thest.  tcacU  is  peciUiarly  adapted 
•otbc  growth  PCQ?k.    (C.) 
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may  be  gathered  by  handfulls,  and  are  in  general  extrem'clj^ 
perfect;  some  of  them  can  scarcely  be  distinguished  from 
recent  shells,  and  few  of  them  are  fo^und  in  the  London  clay ; 
they  are  accompanied  by  roundish  nodules  of  green  indurated 
marie.  In  Bramble  Chine,  the  banks  of  which  belong  to  this 
bed,  there  is  a  large  bed  of  fossil  oyster  shells,  the  greater  part 
of  which  are  locked  into  each  other  in  the  natural  way ;  agree- 
ing in  this,  and  in  other  respects  with  the  Upper  Marine  for- 
mation of  the  Paris  basin.  On  comparing  the  fossils  of  this  bed 
with  those  of  the  Crag,  it  will  be.  observed  that  the  natica 
canrena  occurs  in  both,  and  that  this  bed  contains  two  species 
of  ampullaria,  the  Crag  one  other. 

(d)  Extent.  This  bed  is  most  readily  observed  and  studied 
on  the  cliflFof  Headon  hill  on  the  north-west  coast  of  the  Isle. 
It  appears  about  half  way  up  the  cliiF,  and  is  separated  from 
the  Upper  Fresh-water  bed,  which  covers  it,  by  a  coat  of  sand 
a  few  inches  thick.  It  passes  from  thence  round  Totland  and 
Colwell  bays,  and  may  be  traced  all  round  the  north  side  of 
the  Isle,  and  is  visible  at  Cowes,  Ride,  and  Bembridge.  The 
shells  of  this  bed  are  numerous  on  the  shore  near  Cowes.  But 
the  whole  north  shore  of  the  island  has  been  for  ages  in  a  state 
of  constant  ruin  by  the  action  of  thft  sea  and  the  sliding  down 
of  the  soil.  It  is  difficult  therefore  to  find  any  part  of  the 
strata  in  their  original  situation ;  on  this  account  fresh-water  and 
marine  shells  are  frequently  found  together  in  confusion. 

(e)  Height  of  hills y  Sfc.  In  the  Ise  of  Wight  it  appears 
only  to  form  a  bed,  not  distinctly  alone  constituting  any  con- 
siderable tract ;  its  actual  boundaries  from  the  forementioned 
causes,  being  unknown. 

(/)  Thickness.  The  thickness  of  this  bed  in  Headon  hill  is 
36  feet ;  it  does  not  appear  to  have  been  determined  in  any 
other  part  of  the  Isle. 

(g)  Inclination.  In  Headon  biU^  this  bed  dips  a  few  degrees 
to  the  north. 


CHAPTER  III. 

FRESH-WATER  FORMATIONS- 
Section  I.     General  view  of  these  formations. 

For  a  description  of  these  interesting  formations,  and^  also,  we 
may  add,  for  a  knowledge  of  their  existence  in  England,  we 
are  indebted  to  a  communication  to  the  Goologicid  Sociotyi  <  on 
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the  Freshwater  formations  of  the  Isle  of  Wight,*  with  som^e 
obserrations  on  the  strata  over  the  chalk  in  the  south-east  part 
of  £ngland,'  by  Thomas  Webster,  Sec.  G.S.  inserted  in  the 
second  volume  of  its  Transactions/  from  which  the  following 
information  is  chiefly  extracted. 

Headon  hill  (see  Section,  pi.  2,  fig.  6),  as  has  already  been 
mentioned  in  treating  of  the  Upper  Marine  formation  of  the 
Isle  of  Wight,  is  situated  on  the  north-western  coast  of  that 
Isle,  and  a  natural  section  of  this  hill,  effected  at  some  remote 
period  by  the  action  of  the  sea,  has  laid  open  to  us  the  extra- 
ordinary circumstances  of  its  formation,  shewing  that  it  consists 
of  alternate  deposits  by  salt  and  fresh  water,  the  evidence  of 
which  rests  upon  the  decided  characters  of  the  shells  they 

*  Note  by  the  Rev,  W,  D.  Conybeare,  The  occurrence  of  distinctly  marked 
fresh-water  formations  in  England,  ma^,  generally  speaking,  be  considered 
as  confined  to  the  part  of  the  Isle  of  Wight  described  in  this  article ;  there 
are  however  some  apparent  indications  in  two  or  three  other  places  m 
England  of  a  Fresh-water  formation  above  the  chalk :  but  it  may  be 
doubted  whether  the  circumstances  are  such  as  to  warrant  such  a  con- 
clusion, the  phoenomena  observed  in  these  instances  being  generally  rather 
an  occasional  intermixture  of  a  few  fresh-water  shells  in  the  midst  of  marine 
formation,  than  the  occurrence  of  strata  decidedly  distinct,  and  containing 
remains  of  the  former  class  only:  such  an  intermixture  has  occasionally 
been  traced  in  the  following  places,  and  may  be  accounted  for  on  the 
supposition  of  dead  shells  carried  down  the  xstuaries  of  rivers,  and  there 
mingled  with  those  of  the  sea. 

Ine  cliffs  on  the  south  of  Harwich,  in  Essex,  consist  of  red  loam,  fresh- 
water shells  and  crag,  resting  on  the  London  clay  (G.  Map.)  On  the  same 
authority,  it  may  be  quoted  that  fresh-water  shells  occur  on  or  near  the 
cliff  of  London  clay,  east  of  Southend  on  the  coast  of  the  same  county. 

Among  the  pyritous  casts  of  shells  at  Sheppey,  Mr.  Webster  found  one 
resembling  the  iymneus,  and  aiwther  the  planorbis,  but  too  imperfect  to 
decide  the  species.  Mr.  Brande  mentions  also  three  fresh-water  shells 
from  the  same  place,  the  Iymneus,  melania  and  nerita.  These  shells  how- 
^erer,  observes  Mr,  Webster,  which  are  very  few  in  number,  do  not  prove 
the  existence  of  a  fresh-water  formation  in  this  place  similar  to  those  of  the 
basins  of  Paris  and  of  the  Isle  of  Wight;  for,  being  found  among  the 
remains  of  vegetable  and  marine  animals,  we  may  suppose  these  fresh-water 
■hells  were  carried  down  together  with  the  branches  of  trees  and  fruits  by 
the  numerous  streams  and  nvers  that  must  have  flowed  into  this  gulph. 

It  might  be  most  naturally  expected  that  we  should  find  on  the  coast  of 
Hampshire  opposite  to  the  Isle  of  Wight,  traces  of  the  same  formations 
which  assume  characters  of  so  much  importance  in  the  Isle  of  Wight  itself; 
and  we  certainly  do  discover  many  fresh-water  shells  on  this  side  in  the 
Harwich  cliffs,  but  still  they  appear  only  to  be  casually  intermixed:  here 
however,  if  any  where,  the  research  for  distinct  fresh-water  strata  might 
be  undertakEU  with  some  prospect  of  success,  and  the  whole  line  of  cliff'oa 
this  side  of  Hampshire  certainly  deserves  a  more  cavetui  examination  than 
it  has  yet  received. 

We  should  be  careful  not  te  confound  with  these  fresh -water  strata,  w^hich 
from  their  alternation  with  Ihe  regulai;  marine  formations  clearly  belong  to 
a  period  anterior  to  that  in  which  ovr  continents  finally  pasftd  into  their 
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enctosc.  Many  of  the  shells  found  imbedded  m  ontt  of  thestf 
strata  are  quite  entire ;  whence  it  is  argued  that,  consideriB|; 
their  thinness  and  extreme  liability  to  injury,  they  must  hav# 
lived  in  the  very  place  now  occupied  by  the  strata  which  en- 
close them.  These  strata  it  will  be  recollected  do  not  lie  in 
a  hollow,  but  a  hill ;  it  is  nevertheless  concluded  that  this  hill 
must  have  been  the  bottom  of  a  fresh-water  lake. 

But  as  in  this  hill  there  are  two  strata  containing  fresh-water 
shells,  separated  by  that  which  has  already  been  described  as 
belonging  to  the  Upper  marine  formation,  it  may  be  concluded 
tJiat  this  hill  must  twice  have  been  within  the  bosom  of  a  fresh- 
water lake,  and  between  the  periods  been  covered  by  salt 
iJrater.  Hence  there  are  two  formations  by  fresh  water,  which 
by  their  discoverer  have  been  designated,  in  reference  to  their 

present  condition,  with  the  occasional  occurrence  of  fresh-water  shells  in 
alluvial  tracts — belonging  possibly  to  a  very  recent  date,  and  certainly  to 
One  less  ancient  than  the  above.  Near  Kew  in  Surrey,  land  and  river  sheltt 
^ere  found  in  sand  and  gravel  overlying  the  remains  of  elephants,  &c.  and 
therefore  certainly  postenor  to  the  catastrophe  which  inhumed  thes6  animalt. 
Traces  of  fresh-water  shells  have  been  supposed  to  be  observable  even  in 
iome  of  the  strata  of  an  antiquity  greater,  and  in  one  instance  considerably 
to,  than  that  of  the  chalk  itself ;  but  the  observations  are  of  a  doubtful 
character ;  they  may  be  stated  as  follows : 

1.  The  clay  stratum  separating  the  green  and  iron  sand  in  the  weald 
of  Kent,  and  containing  concretions  of  a  compact  argillaceous  limestone 
known  under  the  name  of  Petworth  marble,  abounds  in  a  univalve  sup- 
posed to  be  Helix  vivipara,  and  a  fluviatile  shell ;  but  the  identity  does  not 
«eetn  to  be  fully  ascertained. 

2.  The  strata  immediately  below  the  iron  sand,  known  by  the  name  of 
Pnrbeck  marble,  present  a  smaller  species  also  referred  to  the  Helix  vivi* 
para.    Mr.  Webster  has  given  the  following  observations  on  these  beds. 

In  the  Isle  of  Purbeck  a  series  of  strata  of  shelly  limestone,  known  by 
the  name  of  the  Purbeck  stone,  alternates  with  shsue  and  marie.  Some  of 
the  fossils  of  these  strata  strongly  resemble  fresh-water  shells ;  they  appear 
to  be  cyclostoma,  planorbts,  &c.  (G.T.  vol.ii.  p.  166.)  It  was  long  ago 
observed  by  Woodward,  in  his  history  of  fossils,  that  the  shells  in  the  Pur- 
beck marble  consist  chiefly  of  the  Helix-viVipara ;  and  it  is  rather  surprising 
that  this  very  ancient  fresh- water  formation  should  not  have  excited  more 
attention.  Beautiful  impressions  of  fish  are  ft-equently  met  with  by  tht 
quarry-men  between  the  laminae  of  the  limestone ;  and  1  saw  abundance  of 
fragments  of  bones,  some  of  which  belonged  to  the  turtle.  Complete  fosttl 
turtles  have  been  found,  and  lately  one  extremely  perfect.    ^  W.  p.  192.) 

S.  Even  among  some  almost  of  the  oldest  strata  exhioiting  organic 
remains,  a  similar  oceurrence  of  fresh-water  shells  has  been  supposed  to  be 
Observable;  for  the  only  species  of  shells  yet  discovered  in  association  with 
the  coal  measures  is  a  kind  of  unio,  much  approaching  that  of  fresh  water, 
and  the  absence  of  marine  remains  seems  to  favour  the  supposition,  nothing 
else  but  vegetables  (certainly  those  of  the.  land)  being  discoverable  in  the 
coal  strata.  It  seemed  necessary,  although  involving  an  anticipation  of 
points  to  be  examined  hereafter,  to  make  some  allusion  to  these  facts  at  pre- 
ient»  in  order  to  bring  the  whole  subject  of  ft*esh-water  formatioot  under 
the  reader's  eye  at  once. 
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podti<»i,  the  Upper  and  Lower /^  It  will  be  most  advantag^ui 
to  treat  of  these  separately* 

Section  II.     Upper  Fresh-water  formation. 

(a)  Chemical  and  external  characters.  This  fonnation  lies 
aboYC  the  bed  already  described  as  belonging  to  the  Upper 
marine  formation,  from  which  it  is  separated  by  a  bed  of  sand 
six  inches  thick ;  it  is  covered  by  alluvium  of  which  the  sum<* 
mit  of  Headon  hill  consists,  and  is  in  great  measure  composed 
of  a  yellowish  white  marie,  that  does  not  endure  the  frosty 
enclosing  masses  which  are  more  indurated,  and  appear  to  con- 
tain a  greater  proportion  of  calcareous  matter.  It  is  the  most 
remarkable  and  best  characterized  of  all  the  beds  of  Headon 
hill. 

(6)  Mineral  contents.  Through  all  these  strata  run  veins, 
frequently  several  inches  in  thickness,  of  a  very  pure  carbonated 
lime,  which  is  crystallized,  frequently  in  a  radiated  form* 

(c)  Organic  remains.  This  stratum  every  where  contains 
fresh-water  shells  in  abundance,  without  any  admixture  what- 
ever of  marine  exuviae.  They  consist,  like  those  of  the  lower 
fresh-water  beds,  of  several  kinds  of  lymnei,  helices  and  pla- 
norbes,  and  other  fresh- water  shells  which  are  extremely  thin 
and  friable  ;  together  with  seeds  of  a  flattened  oval  form,  and 
parts  of  coleopterous  insects. 

(d)  Range  and  extent.  This  stratum  is  not  confined  to  the 
upper  part  of  Headon  hill,  where  it  appears  as  a  bed  of  very 
considerable  thickness,  but  also  may  be  seen  in  many  parts 
north  of  the  middle  range  of  chalk  hills.  On  the  western  coast 
it  does  not  extend  further  than  Totland  bay,  but  occurs  again 
at  Warden  point,  formmg  the  summit  of  the  cliff.  JNumerouS 
blocks  of  it  lie  loose  in  the  soil  in  many  parts  about  Cowes, 

♦  The  English  beds  belonging  to  these  formations  may  in  general  terms 
be  considered  as  consisting  of  marie,  argillaceous  limestone,  and  sand, 
crossed  by  veins  of  calcareous  spar.  The  external  and  chemical  characters 
of  the  English  and  French  beds,  are  considered  to  be  sufficiently  different 
from  every  other  known  rock,  to  render  them  distinguishable  even  without 
the  sheUx  they  enclose.  The  beds  of  France  are  described  as  white  or 
yellowish,  sometimes  as  tender  and  friable  as  chalk  or  marie,  and  some- 
times very  hard,  compact,  and  solid,  with  a  fine  grain  and  conchoidal 
fracture.  In  the  latter  case  the  stone  breaks  into  sharp  fragments  like  flint, 
and  cannot  b«  worked,  but  sometimes  it  will  even  admit  of  being  po- 
lished as  a  marble.  It  is  also  frequently  filled  with  infiltrations  of  cal- 
careous spar.  Beth  the  English  and  French  beds  contain  the  cyclostoma, 
planorbis,  and  limneus.  The  Fresh-water  formation  of  England  is  alto* 
gether  without  the  beds  of  gypsum,  which  are  even  numerous  in  that  of 
France,  and  on  the  uppermost  of  which  were  found  the  bones  of  unknowa 
birds  and  quadrupeds,  together  with  a  few  fireth-water  shelb. 

c2 
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Bembridge  and  Binstead :  but  in  the  neighbourhood  of  Cal- 
bourne,  and  between  that  place  and  Thorley,  several  quarries 
are  opened  in  it,  and  afford  excellent  stone.  The  rocks  at 
Bembridge  ledge  and  Whitecliff  bay  on  the  east  side  of  the 
island,  are  referred  to  this  formation.  The  beds  of  this  for- 
mation, or  more  correctly  of  these  formations,  are  now  con- 
sidered as  generaUy  occupying  the  northern  half  of  the  Isle. 

(e)  Height^  (S'c.  This  bed  occupies  the  upper  part  of  Hea- 
don  hill,  which  is  400  feet  above  the  level  of  the  sea,  and  the 
summit  of  which  consists  of  alluvium.  In  other  parts  of  the 
Isle,  the  elevation  is  very  inconsiderable. 

(/)  Thickness.  This  bed  is  described  as  being  bb  feet  thick 
in  Headon  hill ;  but  on  it  lies  a  stratum  of  clay,  1 1  feet  thick, 
containing  an  unknown  bivalve  shell ;  above  which  is  another 
bed  of  yellow  clay  without  shells,  and  upon  it  a  stratum  of  fri- 
able calcareous  sandstone,  also  without  shells.  Above  the  latter 
lies  another  calcareous  stratum  enclosing  a  few  fresh-water 
shells.  These  beds  are  occasionally  very  compact  and  of  a  por- 
cellanous  character.  Other  parts  contain  masses  of  loose  chalky 
matter,  most  of  which  are  of  a  roundish  form,  and  among  these 
also  are  many  beds  of  a  calcareous  matter,  extremely  dense, 
and  much  resembling  those  incrustations  that  have  been  formed 
by  depositions  from  water  on  the  walls  of  ancient  buildings  in 
Italy. 

{g)  Inclination.  This  bed,  in  common  with  all  the  others  of 
Tfhich  Headon  hill  consists,  dips  gently  to  the  north. 

{h)  Agricultural  character,  (i)  Phcenomena  of  uater  and 
springs.    On  these  heads  we  have  nothing  to  observe. 

{k)  Miscelkmeous  remarks.  The  more  compact  parts,  of 
this  stratum  aro  durable,  and  have  been  long  employed  as  a 
building  material  in  the  Isle  of  Wight,  and  in  many  places  on 
the  opposite  coast,  as  at  Portsmouth,  Southampton,  Lymingto% 
&c. 

Section  III.    Lower  Fresh'Water  formation. 

(a)  Chemical  and  external  characters.  In  Headen  hill  it 
consists  of  a  series  of  beds  of  sandy,  calcareous,  and  argillaceous 
m:irles,  sometimes  with  more  or  less  of  a  brownish  coaly  mat- 
ter. Some  of  them  appear  to  consist  almost  wholly  of  the  frag- 
ments of  fresh-water*  shells,  many  of  which  however  are  suf- 
ficiently entire  to  ascertain  their  species.  In  the  quarries  of 
Binstead  near  Ryde,  the  characters  of  the  beds  differ  consider- 
ably from  the  above,  and  from  each  other,  as  the  following 
section  will  evince.  The  strata  of  East  Cowes  quarries  almost 
exactly  resemble  those  of  Binstead. 
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Section  of  Binstead  quarries. 

On  the  summit  lies  feet    in* 

1.  Blue  clay,  in  which  are  many  large  and  loose 

masses  which  appear  to  belong  to  the  Upper 
Fresh-water  formation 

2.  Limestone  composed  of  coarse  fragments  of 

fresh- water  shells 2  — 

3.  Ditto,  the  fragments  being  less  coarse     4  < — 

4.  Ditto still  less  coarse 2  — - 

5.  Ditto 1  5 

6.  Siliceous  limestone • • 1  6 

7.  White  shell-roarle —  10 

8.  Siliceous  limestone « • — >  0 

9.  Sand —  8 

10.  Siliceous  limestone  rag —       6 

11.  Sand 50    — 

12.  Blue  clay depth  unknown* 

The  fragment  beds  of  the  above  quarries  consist  of  hollow 

moulds  of  fresh- water  shells  held  together  by  calcareous  spar. 

This  stratum  is  separated  in  Headon  hill  from  the  Upper 
fresh-water,  by  the  Upper  marine  already  described,  and  is 
sometimes  separated  from  the  bed  of  black  clay  on  which  it 
rests,  by  a  black  coaly  matter.  This  bed  of  clay  is  thirty-five 
feet  thick,  nearly  horizontal,  contains  fossil  shells,  and  some- 
times selenite,  and  it  reposes  on  a  bed  of  white  sand  30  to  50 
feet  thick,  which  forms  the  base  of  Headon  hill,  and  which  is 
largely  employed  in  glass-making.  But  neither  the  clay  nor 
sand  has  hitherto  been  distinctly  referred  to  any  particular 
formation. 

(b)  Mineral  contents.  Under  this  head  it  may  be  observed 
that  at  Headon  these  beds  contain  more  or  less  of  a  brownish 
coaly  matter,  and  that  in  common  with  the  other  strata  of 
which  the  hill  consists,  they  are  traversed  by  veins  of  cal- 
careous spar. 

(c)  Organic  remains*  These  are  lymneus,  planorbis,  and 
cyclostoma,  and  perhaps  the  helix,  and  a  bivalve  resembling 
the  fresh-water  mytilus.  The  ca^ts  of  the  shells  in  the  East 
Cowes  beds  are  frequently  entire,  and  belong  to  the  genus 
cyclostoma.  Lam.  No  marine  exuvia^>^ve  been  observed  in 
these  beds. 

(d)  Range  and  extent.  The  beds  of  this  formation  in  Headon 
hill  are  extremely  irregular,  and  are  not  to  be  traced  distinctly 
from  each  other  for  more  than  a  few  hundred  yards,  the  re- 
maining ptUt  being  so  hid  by  the  mouldering  slope,  that  the 
formation  tan  only  be  observed  in  mass.  It  may  be  seen,  how- 
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ever,  extending  round  the  north  side  of  Headen  into  Tetland 
bay,  where  it  forms  the  upper  part  of  the  cliff;  and  at  the 
point  called  Warden-ledge,  it  is  found  in. a  more  uniform  and 
indurated  state.  In  Colwell  bay,  it  dips  to  the  north,  is  soon 
lost,  and  is  not  to  be  seen  any  more  on  that  side  of  Yarmouth. 

The  whole  of  the  northern  part  of  the  Isle  of  Wight  is  con-i 
sidered  to  belong  to  the  fresh-water  formation,  but  the  ruin  is 
so  considerable  that  it  is  difficult  to  find  any  of  the  beds  in  situ^ 
and  hence  fresh- water  and  marine  shells  are  often  found  inter- 
mixed on  the  west  and  north  coasts,  though  in  places  they 
occur  in  alternate  layers:  and  although  the  precise  boundary 
of  these  beds  in  the  Isle  6f  Wight  is  unknown,  they  may  be 
traced  a  considerable  distance  east  of  Ryde,  perhaps  as  far  as 
Nettlestone. 

(c)  Height.  The  greatest  height  of  this  formation  above 
high  water  mark,  may  be  taken  at  about. 90  feet  at  Headon 
hill ;  it  is  scarcely  found  at  so  great  an  elevaticm  in  other  parta 
of  the  Isle. 

(/)  Thickness.  Jp.  Headon  it  is  63  feet  thick :  in  the  Bin- 
stead  quarries  it  appears  to  be  only  14  feet  by  the  foregoing 
section,  without  reckoning  the  Stod  on'  which  it  reposes. 

is)     Jnclinatioiiy  Sfc.     It  dips  gently  towards  the  north. 

(h)  Agricultural  char adters.  («)  Phwnomena  of  water  and 
springs.     On  these  heads  we  have  no  information. 

(A:)  Miscellaneous  remarks.  The  quarries  of  Binstead  near 
Ryde,  of  which  a  secftion  has  been  given,  were  formerly  of 
great  celebrity,  and  furnished  materials  for  many  ancieni 
edifices,  both  civil  and  religious,  in  the  Isle  of  Wight  and  the 
counties  contiguous  to  it.  They  are  now  very  little  worked, 
but  their  extent  may  be  traced  by  the  broken  ground  where^ 
they  have  been  filled  in.  The  mansion  of  Lord  Henry  Seymour 
near  East  Cowes,  and  a  wall  raised  for  the  purpose  of  jare- 
venting  the  encroachments  of  the  sea,  were  buitt  of  the  rag 
lio^^stone  frpm  a  quarry  near  the  mansion. 


CHAPTER  IV. 
THE  LONDON  CLAY. 

Section  I.     Preliminary  view  of  this  Stratum., 

The  great  argillaceous  formation  designated  by  this  nam^ 
next  claims  our  attention.  It  is  rendered  highly  interesting 
by  the  variety  of  its  organic  remains,  both  animal  and  vege.^ 
table,  an4  by  the  inferences  deducib^  from  thera — ^themtiiler 
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nttnriier  of  sped^s  which  can  be  completely  idendfied  ^&k 
recent  analogues,  point  out  the  greater  antiquity  of  this,  than 
of  the  preceding  formation ;  and  the  circumstance  of  its  having 
been  thrown  into  a  vertical  position  in  the  Isle  of  Wight,  by 
convulsions  which  must  have  taken  place  previously  to  the  de- 
position of  the  upper  bed«  which  repose  horizontally  against  its 
truncated  edges,  proves  that  a  sufficient  interval  at  least  to  allow 
of  its  assuming  a  considerable  degree  of  consistency  must  hav« 
•lapsed,  before  these  newer  strata  were  accumulated  upon  it» 
(C.) 

Its  name  is  derived  from  its  forming  the  general  substratum 
of  London  and  its  vicinity,  occurring  immediately  beneath  tlut 
vegetable  soil,  excepting  when  occasional  deposits  of  alluvial 
mi  diluvial,  gravel,  sand,  &c.  intervene.* 

Section  II. 

(a)  Chemical  and  external  characters.  This  formation  con- 
sists chiefly  and  sometimes  wholly  of  bluish  or  blackish  clay^ 
which  is  mostly  very  tough.  Its  chemical  and  external  charac* 
ters  are  however  subject  to  some  partial  and  local  variations^ 
though  these  never  appear  to  be  very  considerable.  Some  of  its 
strata,  for  instance,  occasionally  partake  of  the  nature  of  marie, 
since  they  effervesce  when  exposed  to  the  action  of  an  acid, 

♦  Perhaps  another  exception  (C),  but  it  U  a  solitary  one,  may  be  thought 
to  be  indicated  by  the  following  curious  section  preserved  in  Sir  C.  Wren*» 
Parentalia  (p.  285),  and  obtained  in  preparing  the  foundation  of  the  present 
Cathedral  of  St.  PauPs  in  London. 

TTie  surveyor  observed  that  the  foundations  of  the  old  church  stood 
upon  a  layer  of  very  close  hard  pot  earth,  which  he  therefore  judged  fen 
enough  to  support  tne  new  builcling;  and  on  digging  wells  in  several  parts 
he  found  this  pot  earth  to  be  about  six  feet  thick  or  more  on  the  north  side 
of  the  church-yard,  but  thinner  and  thinner  towards  the  south,  till  it  was 
scarce  four  feet  upon  the  declivity  of  the  hill.  Below  this  he  found  nothing 
but  dry  sand,  mixed  sometimes  une(^ually,  but  loose,  so  that  it  would  run 
through  the  fingers.  He  went  on  till  he  came  to  water  and  sand  mixed 
with  periwinkles  and  other  sea-shells :  these  were  about  the  level  of  low 
water  mark.    He  continued  boring  till  he  came  to  natural  hard  clay. 

The  .upper  stratum  of  pot  earth  nad  been  used  as  a  Roman  pottery  near 
■  the  north-east  angle  of  the  present  church,  where  they  found  ums^  sacri- 
ficing vessels,  and  other  pottery  in  great  abundance^  and  were  interrupted 
in  digging  the  foundation  of  the  north-east  angle  of  the  church,  by  the 
quarry  from  which  the  pot  earth  had  been  extracted :  the  subjacent  sand 
and  gravel  beds  being  considered  too  loose  to  support  the  weight  of  the 
intended  building,  it  was  thought  necessary  to  secure  this  part  of  the  foun- 
dation by  erecting  it  upon  an  arch>  The  outer,  or  north-east  pier  of  this 
,arch  stands  in  the  pld  clay  pit,  in  a  shaft  sunk  to  receive  it  more  than  40 
lie^Bt  below  the  6tr;9tum  of  pot  earth  that  had  b^en  removed,  and  descend- 
ing through  the  beds  of  sand  and  gravel  above  mentioned,  to  the  subjacent 
Stratum  of  hard  clay.   (G.  T.  vol.  iv.  p.  288). 
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«nd  sometimes  strongly.  Iq  the  Isle  of  Wight  it  contains  mndk 
green  earth.  Occasionallj  it  includes  beds  of  sandstone.  At 
JBognor,  on  the  coast  of  Sussex  (G.  T.  vol.  ii.  p.  190,)  are  seve- 
ral rocks  now  appearing  as  detached  masses  in  the  sea,  though 
evidently  forming  portions  of  a  stratum  once  continuous.  The 
lowest  part  of  these  rocks  is  a  dark  grey  limestone,  or  perhaps 
rather  a  sandstone,  containing  much  calcareous  matter,  enclosing 
many  fossils  belonging  to  the  blue  clay.  The  upper  part  is  a 
siliceous  sandstone.  Bognor  rocks  resemble  much  the  nodules 
and  beds  of  limestone  that  are  found  in  the  blue  clay  of  Alum 
bay,  and  are  no  doubt  owing  to  the  great  abundance  of  cal- 
careous matter  in  this  part  of  the  bed.  The  Barns  rocks  be- 
tween Selsea  and  Bognor,  the  Roundgate  and  Street  rocks  ojn 
the  west,  and  Mixen  rocks  to  the  south  of  Selsea,  are  portions 
of  the  same  bed :  similar  masses  also  appear  at  Stubbington. 
The  cliff  near  Harwich  in  Essex  (G.  Notes)  contains  beds  of 
stratified  limestone.* 

*  The  fullest  idea  of  the  nature  and  composition  of  this  formation  will 
be  conveyed  by  the  following  actual  sections,  generally  obtained  from  the 
sinking  of  various  wells  in  the  neighbourhood  of  the  metropolis. 

Section  afforded  by  a  well  sunk  at  Josiah  Forster's,  at  Tottenham  in 
Middlesex.     (P.)  feet. 

1.  Immediately  below  the  surface  was  found  brick-earth  and 
coarse  yeiiow  sand  (from  which  washed  malm  bricks  are 
made)  stiff"  clay,  and  gravel 20 

2*  Blue  clay  of  various  intensity  of  colour  and  degrees  of  stiff*- 
ness,  adapted  for  tile-makmg.  It  effervesced  slightly,  and 
enclosed  hard  and  irregular  masses  of  a  lighter  colour,  full 
of  minute  appearances  of  charred  vegetable  matter,  and  sep- 
taria,  which  also  effervesced 60 

S.  Blue  clay  of  a  greasy  aspect  and  somewhat  greasy  to  the 

touch ;  it  did  not  effervesce 90   , 

4.  Purple,  blue,  red  and  brow  clay  mixed,  having  greatly  the 

appearance  of  some  varieties  of  lithomarge :  it  did  not  effer- 
vesce     t«--     *0 

5,  Blue,  white,  and  brown  clay  mixed,  much  heavier  than  the 

preceding  ;  it  effervesced  strongly  and  contained  very  com- 
pact, hard,  and  nearly  cylmdrical  masses,  six  to  1 2  inches 
long  and  of  a  yellowish  white  colour,  which  effervesced 

strongly U) 

6*  Yellowish  white  clay,  frequently  compact  and  hard,  and 

equally  heavy  with  the  preceding :  it  effervesced  strongly, .       S 
Rock  bored  through 2 

125 
Water  rose  to  within  a  short  distance  of  the  surface  in  a  few  hours. 

No  rock  was  found  in  sinking  several  wells,  not  half  a  mile  distant-;  in 
these  wells  only  blue  clay,  and  the  alluvium  covering  it,  were  perfora»B<H 
the  water  rose  immediately  from  beneath  the  former,  and  haa  in  some  in- 
stances thrown  up  so  grett  a  quantity  of  whiti»  sand  n  to  obttniet  the 
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H^he  limestone  bed  underlying  Paris,  and  affordiiig  the  ina^t 
terials  of  which  many  of  its  buildings  are  composed,  known  by 
the  'Uame  of  Calcaire  grossier,  corresponds  most  nearly  in  its 
> relations  and  fossils,  with  the  London  clay  of  our  series ;  yet  no 

rising  of  the  water :  but  after  taking  up  several  tond  of  the  sand,  the  wat€r 
rose  to  its  first  level.  No  specimen  of  the  rock  forming  the  lowest  stratum 
df  the  above  section  was  obtained ;  it  may  perhaps  be  considered  analogous 
to' the  calcareous  dandst&ne  of  the  Bugnor  rocks,  and  the  bed^  of  limestone 
hi  the  cliffs  near  Harwich  in  Essex,  as  may  also  the  rock  bored  through 
for  10  feet  in  depth,  after  sinking  through  122  feet  of  blue  c)ay^  at  the 
foot  of  a  small  eminence,  near  Sewardstone  in  Essex.  In  both  instances 
tne  water  rose  rapidly  from  beneath  the  rock;  but  at  Bromley  near  Strat- 
ford le  Bow  in  Essex,  a  bed  of  rock,  one  foot  thick,  occurred  24  feet 
above  the  main  spring. 

Section  of  a  well  at  Twyford  near  Acton  Jn  Middlesex,  from  papers  in 
possession  of  the  Geological  Society.     (C)  feet. 

1.  Yellow  clay --•••*     38 

2.  Lead  coloured  clay,  containing  some  fossil  wood  at  188,  and 

shells  at  iJOO feet  from  the  surface .<...«.«..*.....  itO 

3.  Rock i ....?  « 

4.  Sand  and  clay  with  pebbles  J  * * * *•  • 

B.  Variegated  clay,  red,  blue  and  black  ,,i 32 

6.  Sand  and  water thin • ««...... 

7.  Clay. 

The  Section  obtained  at  the  Highg^te  Tunnel  presented  the  following 
ttrata.  -  (C.)  feet. 

1.  Flint  gravel,  sand  and  loam^  occasionally  concreted  by  iron 

(diluvial)...., ^ 10 

2.  Loam  with  a  few.  marly  concretions,  but  no  septaria,  pebbleS| 

or  shells j,.,.     80 

d>  Bhie  clay  with  septaria  and  shells,  hardest  in  the  lowest  part    6& 

105 
^)ic  ^rst  attempt  at  Highg£lte  was  to  drive  a  tunnel  (like  that  of  Pau* 
sl^po)  through  the  hill ;  Imt  after  a  tunnel  of  small  dimensions  had  been 
cfnvdi,  this  plan  was  a(>andoned  in  consequence  of  finding  the  substratum 
sandy  and  loose,  and  incapable  of  supporting  an  arch  of  the  dimensions 
required,  and  resisting  th6  superincumbent  and  lateral  pressure^  Mr. 
Middleton  is  of  ophripn  that  theLondon  clay  had  been  cut  entirely  through ; 
and  that  this  stratum  was'  the  sand  of  the  inferior  plastic  clay  formation  t 
^ut  it  is  highly  improbable  (unless  a  great  undulation  in  the  strata  be  sub- 

.  posed)  that  that  sand  should  h«ive  occurred  in  this  point  at  such  a  level ; 
and  indeed  the  nature  of  the  contents  of  this  stratum,  consisting  of  septaria, 

.  fossil  ^h,  and  lobsters,  &c.  identify  it  with  the  London  day  formation^  and 

.  prove  that  it  was  mer^y  one  of  those  subordinate  s^tndy  oeds  which  often 

.  occuir  in  a  similar  situauon. 

The  well  at  White's  Club-house,  St.  James*s-8treet.  (Ralph  Walker,  Esq.  P.) 
142  feet  blue  clay 
93  feet  of  red  clay 

235 
Wafer  rose  to  about  45  feet  from  th^e  tbp. 
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beds  have  been  discovered  in  England  which  bear  a  nearer 
approach  to  them  in  chemical  and  external  characters  than  th« 
faint  resemblance  of  the  above  imperfect  calcareous  beds.  (C.) 

Wherever  this  clay  is  visible  in  the  form  of  a  cliflF,  or  haft 
been  perforated  in  sinking  wells,  it  has  uniformly  been  found 
to  contain  nearly  horizontal  layers  *  of  ovate  or  flattish  masses 
of  argillaceous  limestone  ;  which,  as  they  mostly  exhibit,  though 
not  always,  the  appearance  of  having  been  traversed  in  various 
directions  by  cracks  since  partially  or  wholly  filled  by  calca« 
reous  spar  or  sulphate  of  barytes,  have  obtained  the  name  ot 
Septaria.    These  masses  abound  so  greatly,  that  they  have  been 

That  at  Mr.  Folk's  in  the  Regent's  Park.     (IbicL) 
J  40  feet  of  blue  clay 
42  feet  ot  red  clay 

V  189 

Thst  of  Mr.  Cooke's,  in  Swallow-street,  Westminster.   (Ibid.) 
18  feet  gravel  and  loam 
12  feet  yellow  clay 
ISO  feet  blue  clay 
50  feet  red  clay 

210 
Water  to  within  60  feet  of  the  surface* 

At  Bpping  in  Essex,  on  the  north-east  of  the  metropolis)  the  clay  teetBs 
to  possess  the  greatest  depih,  viz.  392  leet ;  the  parliculars  of  the  sinking 
iil  a  well  there  are  given  in  a  note  under  the  head  (fj  thickness  of  this 
stratum. 

In  the  Agricultural  Survey  of  Middlesex,  several  sections  may  be  found  t 
near  Kensington  the  borings  present,  I.  vegetable  mould;  8.  flint  graveli 
5  to  10  feetj  3.  lead  coloured  clay,  300  feet;  4.  oysicr  shells,  &c.  some* 
times  coui  reted  by  a  calcareous  cement,  3  to  5  feet ;  watery  sand.  On  the 
east  and  south-east  of  London,  the  clay  formation  grows  rapidly  thinner* 
the  subjacent  beds  approaching  more  nearly  to  the  surface.  In  some  sec* 
tions  (the  particulars  of  which  will  be  given  in  treating  of  the  inferior 
plastic  clay),  the  thickness  of  the  London  clay  was  found  as  follows.  1 .  At 
Liptrap*s  and  Smidis*  Distillery,  one  mile  on  the  east  of  London,  77  feet  ( 
2.  at  Bromley  near  Stratford  le  Bow,  44  feet ;  3.  on  the  north  shaft  of  the 
unfinished  tunnel  of  Roiherhithe,  about  one  mile  east  of  Bromley,  49  feet  \ 
in  the  southern  shaft,  in  which  direction  the  strata  rise,  only  9  feet.  (C.) 

Hordwell  cliff,  on  the  coast  of  Hampshire,  is'about  150  feet  high  ana  a 
mile  and  a  half  in  length ;  for  nearly  60  feet  from  the  surface  it  csnsi^ts  of 
red  gravel.  The  remainder  of  the  cliff  is  clay,  through  which  land-'springs 
are  continually  trickling,  so  that  it  is  constantly  falline.  Towards  the 
bottom,  are  large  nodules  of  a  hard  reddish  iron-stone,  bein^  no  other  than 
an  entire  mass  of  shells,  with  which  the  church,  &c.  are  built.  (O.  I^otet 
fpom  Gents.  Mag.  1757.) 

*  An  exception  to  this  rule  occurs  at  Alum  Bay  in  the  Isle  of  Wi^t4 
sHiere  the  layers  of  septaria,  like  the  beds  containiiig  themi  arc  in  m  vertical 
poiitioiu 
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tonsidered  as  being  characteristic  of  the  Tendon  Clay ;  but  it 
is  not  the  only  one  of  the  English  beds  which  contains  theni.| 

By  the  preceding  remarks  and  sections,  it  will  appear  that 
this  formation  is  uniformly  marked  as  consisting  of  a  vast  argil- 
laceous deposite,  containing  subordinate  beds  of  calcareous  con- 
cretions^ sometimes  passing  into  solid  rocks,  or  exhibiting  some 
local  variations  from  the  occasional  mixture  of  sand  or  calca- 
reous matter  in  the  mass  of  the  clay  :  these  local  changes  how- 
ever never  prevail  to  such  a  degree  as  to  interfere  materially 
with  the  general  identity  of  character. 

(b)  Mineral  contents.  It  contains  interspersed  through  it, 
sulphuret  of  iron,||  selenite,  and  occasionally  phosphate  of  iron  ; 
hence,  on  account  of  its  containing  these  salts,  the  water  issuing 
from  this  stratum  is  unfit  for  do  lies  i:  purposes.  (G.  T.  vol.  ii, 
p  188).     It  is  also  suspected  to   outain  sulphate  of  mafi^iesia.* 

The  fossil  copal  or  resin  ditcovered  in  excavating  Highgat« 
archway,  though  evidently  derived  from  the  vegetable  kingdom, 
still  in  its  present  state  may  be  classed  among  the  mineral  con- 
tents of  this  formation.  Amber  also  is  said  occasionally  to  be 
found  in  the  gravel  about  London,  and  is  also  found  in  the  cliffs 
of  brown  clay,  probably  belonging  to  this  stratum,  which  occur 
on  the  coast  of  Holderness  in  the  south  of  Yorkshire.  (Pennant's 
Arctic  Zoology).  It  probably  exists  in  this  stratum,  since  it 
is  so  found  in  the  contemporaneous  formations  of  other  parts 
of  Europe,  as  Italy,  France,  and  especially  Prussia,  wheie  it 

I  The  septaria  on  the  south  of  Walton  on  the  coast  of  Essex,  are  very 
imperfect ;  they  are  collected  into  heaps  on  the  Nore,  and  shipped  to  Har- 
wich, where  they  are  manufactured  by  government  into  a  cement.  (G.Notes.) 
Dale,  in  his  history  of  Harwich,  (p,  101),  speaking  of  the  septaria  so  abun- 
dantly found  in  the  cliffs  of  the  neighbourhood,  says, '  with  these  the  walls 
of  the  town  were  for  the  most  part  built,  and  the  streets  generally  pitched, 
they  by  ancient  custom  belonging  to  the  town  as  their  right.*  The  long 
cliff  of' the  London  Clay  extending  along  the  northern  side  of  Sheppey  Isle 
furnishes  abundance  of  septaria,  from  which  that  excellent  material  for 
building  under  water  and  for  ftucco,  is  made,  and  which  is  known  by  the 
name  of  Parker's  Cement.  Being  separated  from  the  clay  by  the  action  of 
the  sea,  they  are  collected  on  the  beach,  and  exported  to  various  places 
where  they  are  calcined  and  ground.    (G.  T.  vol.  ii.  p.  193.) 

In  Hampstead  and  Highgate  hills  io  Middlesex,  and  in  Bou^hton  hill  in 
Kent,  the  layers  of  septaria  occur  al>out  50  feet  below  the  summu.  (Q.Notes.) 
In  Shooter's  hill  they  are  very  near  the  surface.  At  Epping,  they  were  not 
found  nearer  than  100  feet  beneath  the  grass,  and  contmued  to  the  depth 
of  300  feet.    (P.) 

g  The  manufactory  of  sulphuret  of  iron  from  the  pyrites  contained  In 
this  stratum,  is  carried  on  in  many  peaces;  as  near  Walton  on  the  Suffolk' 
coast,  the  Isle  of  Sheppey,  &c.  &c. 

*  Said  to  have  been  noticed  by  the  late  Mr.  Tennant.   Sec  (/)  Pbanomata 
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occurs  in  conjunction  with  a  large  accumulation  of  vegetable 
remains^    (C.) 

(c)  Organic  remains.:^  Few  formations  claim,  a  greater 
interest  from  the  organic  remains  preserved  in  them  than  this. 
la  the  higher  order  of  animals,  it  presents  us  with  the  croco^ 
dile  and  turtle  among  the  amphibious  class ;  a  proof  that  the 
shores  of  some  dry  land  where  these  animals  might  have 
deposited  their  eggs,  must  have  existed  at  the  period  of  its 
formation  within  a  distance  easily  accessible.  Of  Vertebral 
fish,  several  species  are  found  beautifully  preserved,  to  which 
it  is  much  to  be  regretted  that  the  attention  of  the  comparative 
anatomist  has  not  yet  been  sufficiently  directed  ;  of  crustaceous 
fi;sh,  many  species  of  the  lobster  and  crab  occur. 

The  testaceous  moUuscae'  are  also  very  numerous  and  beauti- 
fully preserved,  often  retaining  nearly  the  appearance  of  recent 
shells.  There  are  very  few  genera  of  recent  shells  \'vhich  have 
not  some  representation  imbedded  in  this  formation,  but  the 
specific  character  is  usually  different,  that  difference  beirtg 
often  however  so  minute  as  to  escape  an  unpractised  eye ;  on 
the  other  hand  but  few  of  the  extinct^genera,  so  common  in  the 
older  formations,  occur  in  this,  so  that  it  seem$  to  hold  a 
middle  character  in  this  respect  between  the  earlier  and  more 
recent  beds.  Thus  though  nautilites  resembling  .those  of  the 
Indian  seas  are  common,  specimens  of  the  cornu  ammonis  and 
the  belempite  are  so  rare,  that  it  is  in  a  vepy  high  degree 
doubtful  whether  they  ever  have  really  been  found.*  The 
nummulke,  so  common  in  the  contemporaneous  strata  of  Fraric^j, 
is  in  England  found  only  in  a  few  places  in  this  formation,  but 
it  is  by  no  means  ascertained  that  this  should  be  consider^^^s 
an  extinct  genus.  .  Echini tes,  so  common  in  the  chalk,  are  very 
rare  in  this  formation. 

Zoophytes  are  likewise  extremely  rare  j  perhaps  none  have 
yet  been  found  in  England  (with  the  exception  of  a  few  minute 
corallines  investing  the  surfacepf  ,the  ^h^tls)  ;  in  FraDce,.bow- 
«»ver,  a  few  species  of  madrepore  have  been  discovered  :  few  if 
any  of  the  numerous  fossil  family  of  the  Encrinites  have  yet 

+  This  article  is  by  the  Ilev.  W.  D.  Cohybeare. 
«  The  Cornua  ammonis  figured  in  Mr.  Sowerby's  wqrk  frpiji  l^prfolk, 
are  beyond  a  doubt  alluvia^  or  diluvial,  havipg  beep  tdr^ftecj  froa>  th^  in- 
ferior oolite.  The  specimens  called  belemnites  in  Mr.  Jacob's  catalogue 
are  likewifce  doubtful :  no  belemnites  are  mentioned  among  the  fossils  of 
the  contemporaneous  formations  in  France  or  Italy}  a  few  genera  of 
minute  multilocular  shells,  supposed  to  be  extinct,  ditcorbites,  rotalites,  len- 
ticulinites,  as  well  as  the  nummulites,  are  enumerated,  but  such  small 
shells,  though  still  existing,  may  well,  have  escap^  obser,V9tion.  ^TfiTOjc^ 
nites  are  however  found  in  the  beds  immediately  reposing  on  the  chalk  a^ 
Maestricht^  but  these  are  probably  old^  than  tne  London  clay.' 
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b^en  etinmerated  as  bccurririg  any '\^here'!n' this  formation.* 
astroitae  &re  however' mentioned  itsforind  at  Shepp^y,  but  it 
does  riot  appear  whether  madrepores,  6r  joints  of  the  pentacri* 
riu^,  are  meant. 

A  catalogue  arrange'd Tn  the  Lihnasan  method,  with  accurate 
engravings  of  the  shells  of  this  formation,  was  published  by 
Brander  under  the  title''Fossilia  Hantoneiisia.  Mr.  Jacobs  has 
added  a  short  list  bf  those  found  in  Sheppey  Island  to  his  Hortus 
Favershamiensis ;' v^ry^  interesting  catalogues  will  aVso  be  found 
in  ^Mr.  Webst^r^s  excellent  memoir,  G.  T.  vol.  ii ;  and  the 
figures  and'  descrtptions '  published  in'  the  French  Annales  de 
l^useum,  by  I^marck,  of  the  Parisian  fossils,  may  be  consulted 
aTso  with  advantage,  since  these  generally  agree  with  the 
Eiiglfsh. 

It  frequently  contains  small  portipns  arid  evfen  masfees  of 
wo'dd,  more  or  less  retaining  the  woody  fibre,  brit  more  often 
having  the  appearance  of  being  charred,  and  of  a  black  colour. 
They  sometimes  i^xhibit  the  perforations,  and"  even  contam  fh^ 
castk,  of  an  animal  whibh  is  considered  to  be'knalagous  to  the 
teredo  navalis  br  horer,  Istill  infesting  the  seas  surroundiiig  the 
West  India  Islands.  The  wood  occasionally  kpj}ears  to  have 
formed  a  nucleus,  around  which  have  been  dep6sited  those 
jmasses  of  argillaceous^  liriiestone,  mostly  in  the  form  of  septaria, 
and  which  have  already  beeri  mentioned  as  b^ing  characteristic 
of  the  London  clay :  they  oftfen  contkin  shells  still  exhibiting 
the  pearly  lustre. 

*^But  the  most  interesting  fafcts  connected  with  the  vegetable 
remains  of  this  formation,  aVe  those  which  have  been  observed 
in  the  Isle  of  Sheppy,  of  which  some  account  was  published 
by  Dr.  Parsons  in  the  50th  vdluihe  of  the  Philosophical  Tran- 
sactions :  the  quantity  of  frriit  or  ligneous  seed  vessels  is  pro- 
digious. Mr.  Crowe*  of  Favershim  has  procured  from  this 
fertile  spot  a  very  large  collection,  and  by  carefully  comparing 
each 'individual  specimen  by  its  iritemal  as  well  as  external 
appearance,  he  has  been  enabled  to  select  700  specimens,  none 
of  which  are  duplicates,  and  very  Tew  of  which  agree  with  any 
known  se6d  Vessels.     These  vegetable  remains  have  also  been 

♦  It.  will  give  86me  idea  of  the  variety  and  number  of  the  testaceous 
fossils  of  this  formation  to  state,  that  at  Gngnon  (near  Paris)  in  a  single 
,  spot,  a  single  individual,  Mr.  Defrance,  collected  500  different  species  oC 
gtieHs,  -besides  serpulae,  siliquaria,  dentalia,  and  a  few  echinites  and  madre- 
pores. The  shells  of  Hordwell  cliff  in  Hampshire,  which  closely  agree 
with  those  of  Grign^n,  are  probably  equally  numerous. 

Mr.  Webster  observed  an  jcxact  coincidence  in  all  the  fossils  discovered 
in  the  lower  beds  of  .the  French  calcaire  grossier  at  Liancourt,  and  the 
cvrresponding  beds  of  th^  London  clay  at  Stiibbington. 
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found  on  the  opposite  Essex  shore,  but  in  ver  j  small  numbers^ 
and  in  that  part  of  the  stratum  which  has  been  examined  at 
Kew.  .  Among  Mr.  Crowe's  specimens  are  many  which  appear 
to  belong  to  tropical  climates,  some  which  seem  to  be  a  species 
of  cocoa-nut,  and  other  varieties  of  spices. 

The  existence  of  a  neighbouring  region  of  dry  land  seemsi 
attested  by  these  vegetable  remains)  which,  from  the  state  'u^ 
which  they  are  found  can  scarcely  have  been  supposed  to  have 
drifted  from  any  great  distance),  as  well  as  by  the  occurrence 
of  the  amphibia  before  mentioned.  We  can  scarcely  resist  the 
temptation  of  asking  ''  What  was  that  ancient  land  ?  had  any 
part  of  England  then  raised  its  head  above  the  waves  ?  does  it 
not  sound  extravagantly,  even  to  enquire  whether  its  oldest  and 
highest  mountain  tracts  then  formed  a  groupe  of  spice  islands 
frequented  by  the  turtle  and  crocodile  ?"  *  Speculations  like 
these,  though  unavoidably  suggested,  almost  give  the  features 
of  romance  to  the  sober  walks  of  science. 

The  fossils  of  this  formation  are  abundantly  found  wherever 
the  sea  has  laid  open  natural  sections,  or  artificial  excavations 
have  been  carried  on  to  any  great  extent ;  the  following  lo- 
calities may  be  mentioned. 

The  cliffs  on  the  south  of  ffarwich  in  Essex ;  those  which 
skirt  the  north  of  the  Isle  of  Sheppy ;  those  of  Stubbingtoa 
near  the  eastern  entrance  of  the  Southampton  water,  and  more 
especially  those  between  Hordwell  and  Christchurch  in  the 
south-west  of  Hampshire ;  the  rocks  of  Bognor  in  Sussex  (though 
scarcely  deserving  the  name,  as  they  are  mere  blocks  just 
peeping  above  the  tide)  are  likewise  very  productive.  The 
great  excavation  for  the  Highgate  archway  near  I^ndon  af- 
forded numerous  and  beautiful  specimens ;  some  excavations  at 
Kew  are  recorded  in  the  same  account  in  P.  T.  vol.  103^  p.  134. 
The  Pits  at  Richmond  are  often  cited  in  Woodward's  catalogue. 
Shells  have  been  also  found  in  the  wells  on  Shooter's  hill.  The^ 
Canal  lately  undertaken^  but  since  abandoned,  for  the  drainage 

•  The  figure  of  the  Earth  i^  a  spheroid  of  rotation  precludes  the  idea 
that  the  line  of  its  equator  can  have  shifted,  and  many  physical  reasons 
concur  to  render  it  in  the  highest  degree  improbable  that  the  obliquity  of 
the  ecliptic  has  undergone  any  material  change.  We  cannot  therefore 
refer  the  indication  of  a  change  of  climate,  which  geology  seems  to  present 
in  the  higher  latitudes,  to  astronomical  causes  :  but  it  seems  by  no  means 
improbable,  when  we  take  into  consideration  the  proofs  of  the  much 
greater  extent  and  energy  of  the  volcanic  fires  which  have  acted  on  our 
planet  at  an  earlier  period,  that  its  general  temperature  may  then  have 
been  higher ;  the  number  of  the  {joints  universally  allowed  to  be  extinct 
^olcanos  will'iiuthorise  tliis  remark,  without  haviiig  recourse  to  the  con- 
troverted, but  certainly  probable,  theory,  of  the  igueout  origin  of  basaltic 
rocks. 
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•f  die  lo»r  gfounds  of  East  Berkshire,  near  Bray,  ptresented  a 
rock  and  fossils  exactly  agreeing  with  those  of  Bognor. 

(«^)  Range  and  extent.  This  clay  forms  the  superior  stratum 
of  the  chalk  basin  of  London,  except  where  it  is  partially  co-^ 
Vered  by  the  sands  of  the  upper  marine  formation,  already  des- 
cribed as  appearing  on  the  stirface  of  Highgate  hill,  Bagshot, 
Frimby^  and  Purbright  heaths,  &c.  or  by  alluvial  sands,  gravel, 
«nd  loam.^ 

It  extends  uninterruptedly  and  in  a  south-westerly  directiom 
from  Orford  on  the  coast  of  Suffolk,  abomt  20  miles  north-east 
of  Harwich,  and  a  little  to  the  north  of  Ipswich,  in  that  countyi 
to  the  South  of  Coggeshall,  and  thence  to  Roy  don,  in  Essex; 
whence  it  turns  nearly  south,  extending  to  a  little  on  the  west 
of  Edmonton  in  Middlesex,  *and  thence  in  a  north-westerly  di* 
rection  by  Chipping  Bamet  and  South  Mims  to  the  north  of 
Ridge  hill ;  here  it  suddenly  turns  southward,  and  afterwards 
south-west  by  Harefield  and  Uxbridge  to  a  little  on  the  east  6f 
Colnbrook :  it  then  turns  nearly  west,  crosses  the  Thames  by 
"Windsor  to  Twyford,  and  thence  passes  to  its  extreme  point  on 
the  west,  which  is  about  three  miles  south-west  of  Reading  In 
Berkshire.  It  then  turns  to  the  south-east  in  an  irregular  line 
to  within  a  very  short  distance  of  Famham  and  Guildford  in 
Surry,  and  by  Epsom  and  a  little  north  of  Croydon  to  Dept- 
ford  in  Kent ;  in  which  direction,  at  the  distance  of  about  five 
miles  beyond  its  general  boundary,  an  outlying  and  insulated 
mass  of  this  formation  constitutes  the  upper  regions  of  the  con* 
spicuous  height  called  Shooter's  hill,  forming  its  rounded  sum- 
mit and  reposing  on  the  platform  of  Blackheath  where  tht 
inferior  beds  of  the  plastic  clay,  &c.  appear. 

The  London  clay  therefore  constitutes  a  very  large  part 
of  the  soil  of  Suffolk,  nearly  the  whole  of  Essex,  including 
Hainault  and  Epping  forests,  quite  to  the  sea,  the  whole  of 
Middlesex,  and  portions  of  Berkshire,  Surrey  and  Kent ;  in  the 
latter  county  it  appears  on  the  northern  side  of  the  Medway, 
constitutes  the  Isle  of  Sheppy,  the  cliff  from  Whitstable  to  the 
Reculver  north  of  Canterbury,  and  extends  in  a  south-westerly 
direction  nearly  to  that  city,  and  thence  westward  about  six 
miles  to  Boughton  hill ;  a  small  patch  of  it  is  visible  on  the 
south-west  of  Ramsgate  in  Pegwell  Bay.     (G.  Map). 

In  the  chalk  basin  of  the  Isle  of  Wight  it  is  also  very  ex* 

♦  The  beds  of  the  Plastic  clay  arc  often  so  similar  to  those  of  the  London 
cJay,  that  it  is  by  no  means  easy  to  trace  in  every  instance  their  demarca- 
tion. The  boundaries. indicated  above,  are  therefore  only  given  as  the 
nearest  approximation  to  accuracy  which  the  present  state  of  our  informa-* 
tion  admits,  and  may  very  probably  allow  of  many  local  corrections;  the 
.  position  of  jhe  springs,  to  which  the  sands  underneath  this  formation, serye 
4to  «a  imaieDset  r«&ef  voir  affords  the  best  guide  in  tracing  its  limits.  (C*) 
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fensylye,  forming  the  whole  coast  from  Worthing,  in  Sussto  to 
Christchurch  in  Hampshire,  and  extending  from  the.  latter 
place,  inland  by  Ringwood)  Romsej,  Fareham,  and  pas^ingf 
a  mile  or  two  south  of  Chichester  to  Worthing.  It  forms  tb!^ 
whole  of  this  tract  from  the  above  named  places  to  the  coast^ 
except  where  it  is  covered  by  alluyium,  or  by  a  sandy  tract, 
a^alagous  to  the  Bagshot  sands,  constituting  Beaulieu  forest, 
and  a  part  of  the  New  forest.  It  is  also  found  in  the  Isle  of 
Wight,  ai)d  extendi,  nearly  in  a  vertical  position^  along  the 
island  frpm  Alum  Bay  on  the  west  to  WhitecUff  Bay  on  ttie 
east,  betwei&n  the  nearly  horizontal,  freshwater  and  upper  ma.< 
tine  beds  on  the  north  and  the  nearly  vertical  beds  of  the 
Plastic  clay  formation  oi^  the  soi^th  of  it.  See  Plate  %  fig.  6# 
(G.  Map).  To  this  it  mfiy.  be  ad4ed^  that  this  clay  forms  the 
bottom  of  ^hjB  channel  termed  the  Solent,  which  is  between  the 
Isle  of  Wigl^t  and  coast  ofr  Hampshire.  Bognor  rocks  consist 
©fit. 

I'he  occupation  of  the  very  large  tracts  just  reci^ed^  by  the 
tiOpdo^  clay,  has  been  proved,  oyer  a  great  portion  of  it  "by 
the  sinking  of  wells,  as  aheady  adverted  to  io  treating  of  the 
chemical  and  external  characters  of  this  stratum,  and  by  the 
cutting  of  rpads,  as  over  J>hooter'8  hill  and  Boughton  hill  in 
S[.ent ;  and  the  cliffis  which  it  forms,  and,  which  are  nunieroiis 
ai)d  exte^^ive,  have  been  n^entioned  as  being  particularly  favor- 
able, to  the  ^ollectioi;^  o,f  the  organic  remains  it  encloses.' 

(e)  IJeight  ofhills^  Sfc,  The  country  formed  by  this  stra- 
tum is  generally  low,  and  may  for  the  most  part  be  considered 
a§  flat,  or  at  the  most  as  cpnsistiug  of  very  gentle  undulations. 
Here  and  there  however  it  ds^s  ;  the  highest  point  it  attains  is 
the  svmmiit  of  High  Bei^ch  in  Essex,  being  75i)  feet  above  the 
lev^l  of  the  sea;  JUangdon  hill  on  the  coast  of  the  same  county 
is  620  feet  t^^^^  •  Djapbury  hiU  i»  not  greatly  inferior  ;  Shooter's 
hill  in  Kent  is  44$  feet  high ;  Richmoud  hill  and  St.  Ann's 
hiU  in  Surrey,  which  consist  of  this  clay,  are  less  elevated. 

The  northern  half  of  the  isle,  of  Sheppy  consists  of  a  ranee 
of  hills  of  above  .900.  feet  in  height,  presenting' to  the  sea  cliffs 
of  the  London  clay  about  90  feet  in  height  aud  four  miles  lax 
length,  and  declining  gradually  toward^  the  east  and  west. 
These  cliffs  have  deen  foroied  by  the  action  of  the  sea,  and  of 
which  whole  acres  sometiiQes  fall  at  once.  (6.  T>.  v*  ii.'p.  192.^ 
The  cliffs  at  the  Reculver  op  the  north-west  coast  of  the  Isle  of 
Thanet  (C.)  consist  of  this  clay  iuid  are  about  70  feet  high** 
Hordwell  cliff  in  Hampshire  has  already  been  mentioned  9$ 
al)out  150  feet  high. 

•  These  are  remarkable  for  the  very  rapid  encroachment  of  the  sea  5  it 
is  seld  thai  in  ^e  rdgii  of  H^y  the  Eighth  the  church  stoiM  mar^  a 
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(f)  Thickness^  SfCi  The  London  €lay  has  been  pierced  in 
tarious  places  to  different  depths.  One  mile  east  of  London  it 
Was  found  to  be  Only  77  feet  thick  :  at  Tottenham,  in  the  sink- 
ing of  several  wells  it  was  found  to  be  110  to  120  feet:  at 
White*s  Club-house,  St.  Jameses,  235  feet:  at  the  Dock-yard 
at  Portsmouth  102  feet,  while  in  Portsmouth  266  feet  were 
sunk  down,  without  getting  through  the  clay.  It  is  said  that 
at  L6rd  Spencer's  at  Wimbledon  in  Surrey,  it  was  pierced  to 
the  depth  of  530  feet  without  passing  through  it.  Most  of  the 
wells  in  Essex  are  very  deep  :  at  Colchester  barracks  108  feet, 
Chelmsford  barracks  300  feet  (P.T.),  East  Hanningfield  474 
feet  (G.  Notes),  Epping  392  feet. 

The  actual  thickness  of  this  clay  in  Sheppey  is  estimated,  by 
adding  the  height  of  the  cliff  to  the  depth  of  the  wells,  at  530 
feet,  but  it  may  be  supposed  to  be  much  thicker  in  Essex ;  for 
if  to  the  depth  of  this  clay  at  Epping  (3^2  feet),  we  add  300 
feet,  the  superior  height  of  High  Beech,  (which  is  about  five 
miles  from  that  place  and  scarcely  one  mile  nearer  the  termina- 
tfon  of  the  clay),  we  may  assume  it  at  High  Beech  to  be  about 
700  feet  thick.    (P.) 

(g")  Inclination.  The  beds  of  this  clay  are  so  nearly  hori- 
zontal, that  no  perceptible  difference  from  that  position  has 
he^n  observed  that  we  are  aware  of  in  the  chalk  basins  of  I^on- 
don  and  the  Isle  of  Wight ;  expept  in  the  Isle  itself  (see  Pi.  2. 
%•  6.),  where  this  bed  is  nearly  vertical.  This  extraordinary 
deviation  in  regard  to  position  will  be  treated  of  hereafter  in 
speaking  of  the  numerous  accompanying  beds  of  sand  and  clay 
belonging  to  the  plastic  clay  formation,  and  of  the  chalk,  of 
which  the  position  is  nearly  the  same. 

(A)  Agricultural  character.  This  clay  chokes  the  plough 
and  rolls  before  it  in  a  broken  and  muddy  state  ;  after  rain  it  is 
not  slippery,  but  adheres  to  the  shoes ;  after  drought  it  presents 
eracks  nearly  a  yard  in  depth  and  several  inches  in  breadth. 
On  the  Nore,  south  of  Walton  it  fottns  a  sort  of  pavement 
in  many  places,  and  divides  by  desiccation  into  small  columns 
resembling,  on  a  small  scale,  the  Giant's  causeway.  (G.  Notes.) 

mile  distant  from  the  coast;  in  the  Gentleman^s  Magazine  is  a  view  of  it 
about  the  middle  of,  the  last  century,  which  still  represents  a  considerable 
•pace  as  intervening  between  the  north  wall  of  the  church-yard  and  the 
Cliff;  that  wall  and  half  the  church-yard  have  since  been  washed  away  and 
the  church  is  yearly  threatened.  The  accumulation  of  ruin  at  the  foot  of 
the  cliff  is  striking,  the  whole  area  being  included  by  the  massive  walls  of 
the  Roman  station  Regaltium ;  large  fragments  of  that  wall  are  mingled 
with  the  wreck  of  modern  cottages  and  the  boulders  of  inarlstone  washed 
from  the  clay,  and  the  beach  is  strewn  with  fragments  of  Romnn  pottery 
and  bones  from  the  modem  ceraetry.    (C) 
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According  to  Townsend  it  is  sometimes  called  JVood-iomef^ 
land^  because,  although  it  is  productive  of  the  finest  elm,  oak, 
and  ash  timber,  it  requires  chalki)ag  before  it  can  produce  good 
com.    (G.  Notes.) 

Barren  as  this  clay  naturally  is,  it  is  rendered  by  prodigality 
of  manure  in  the  neighbourhood  of  the  metropolis,  excellent 
garden  ground.    (G.  Notes.) 

On  Epping  Forest,  most  of  Windsor  Forest,  and  much  of 
the  New  Forest,  the  oaks  are  finest  where  the  clay  is  inte*^ 
ipixed  with  the  sand  lying  above  and  below  it.    (G.  Notes.) 

The  surface  of  the  vegetable  mould  does  not  however  in  moil 
cases  rest  immediately  upon  the  London  clay,  bat  upen  beds  of 
rich  marles  and  Loams,  which  often  alternate  with  graVel  and 
sand,  and  sometimes  to  the  depth  of  30  or  40  feet. 

(i)  Fhcenomena  of  water  and  springs.  This  clay  is  so' 
extremely  dense,  as  to  be  almost  impervious  to  water.  Hence 
but  few  springs  issue  immediately  from  the  stratum  itself, 
and  whenever  these  are  found,  the  water  is  impure  owing  to  its- 
containing  salts,  whfch  render  it  hard,  and  unfit  for  domestic 
purposes :  the  pyrites  which  in  some  places  abounds  in  thif 
clay^  undoubtedly  contributes,  by  its  decomposition,  to  ren^r^ 
the  water  impure. 

The  late  Mr.  Tenmmt  is  sdd  to  have  noticed  the  existence  (^ 
sulphate  of  magnesia  in  the  London  clay.  It  has  not  howeveF 
been  ascertained  whether  the  springs  of  Epsom  in  Surrey,  which 
arise  from  some  of  the  strata  above  the  chalk,  arise  from  this 
stratum.  (G.  T.  vol,  ii.  p.  138.)  Many  other  localities  are  men-' 
tioned  by  the  writers  on  mineral  waters, in  which  this  formatSotv 
IS  said  to  yield  springs  impregnated  with  the  same  salt,  vis. 
Bagnigge-wells,  St.  GeorgeVfields,  Kilburn,  Kensington,  Pan- 
eras,  and  Richmond ;  these  springs  must  in  all  ppobability  ris^ 
from  the  London  clay^  being  situated  far  within  its  boundary* 
The  position  of  the  following,  being  near  the  border  of  the  for- 
mation, render  their  source  more  doubtful ;  Acton  (Middlesex),. 
.Baniet  (Herts),  Brentwood,  Upminster,  and  Colphester  (Essex), 
.Dulwich,  Streatharo,  (Surrey).  Muriate  of  soda  is  said  also  to^ 
be  contained  in  some  of  these  springs.  It  is  probable  however 
thivt  they  have  never  been  correctly  analysed;  but  these  in- 
dications imperfect  as  they  are,  deserve  notice.     (C.)r 

The  dense  nature  of  this  stratum  is  of  vast  importance  to  th^ 
n»etropolis  and  its  vicinity.  The  alluvium  covering  the  surface 
of  this  clay  is  full  of  water,  and  the  quantity  daily  drawn  frond 
it  alone  in  the  metropolis  itself  is  almost  incredibly  great.  Many 
of  the  wells  furnishing  to  the  inhabitants  a  plentiful  supply  of 
remarkably  limpid  but  somewhat  hard  water,  drawn  by  the  public 
pumps,  are  not  deeper  than  the  alluvium ;  which  also  furnishes^ 
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%y  means  of  lerj  shallow  wells,  man j  of  |fc]ie  large  distilleries^ 
«;^gar  hqvses,  and  some  of  the  breweries  with  astonishing  quan- 
iities,  of  which  some  notice  will  hereafter  be  taken  in  treating 
of  Alluvium  generally.  The  soft  pump  water  afforded  by  some 
of  the  wells  in  London^  and  yery  many  on  its  north  and  north* 
east,  (and  of  which  several  sections  l^ave  already  been  given 
under  the  heads  a  and  /  rises  from  beneath  the  London  clay) ; 
and  many  places,  now  abundantly  supplied  by  these  perfo- 
rations, were  without  water  well  adapted  for  domestic  purposes, 
jUnttl  within  the  last  30  years.  Wherever  a  well  is  sunk,  the 
immediate  rise  of  the  water  has  some  effect  in  depressing  for  a 
time  that  of  the  neighbouring  wells  ;  the  sinking  of  one  on  the 
south  of  the  Thames  above  London  Bridge,  has  even  lowered 
the  water  in  one  on  the  northern  border  of  the  rfver,  proving 
that  the  currents  of  the  river  flows  over  this  stratum.     (P.) 

The  water  afforded  by  these  wells,  and  which  rises  from  the 
«ands  of  the  Plastic  clay  formation  underlying  it,  is  very  limpid 
and  free  from  salts ;  it  is  therefore  what  is  termed  soft  in  a 
remarkable  d<»gree,  is  adapted  to  every  domestic  purpose,  and 
never  fails.  It  frequently  rises  so  instantaneously  on  passing 
through  the  clay,  as  not  to  suffer  the  well-digger  to  escape 
without  rising  above  his  head.  It  appears  to  rise  in  different 
places  to  different  heights :  at  Liptrap's  distillery  at  Mile  End 
near  London,  it  stands  in  the  well  precisely  at  the  level  of 
high  water  mark  in  the  Thames ;  b«|t  at  Tottenham,  four  miles 
north  of  London,  it  rises  60  feet  above  that  level,  for  the  water 
has  stood  for  twenty  years  in  my  own  well  within  ten  feet 
i)f  the  summit,  which  is  70  feet  by  barometrical  measure- 
ment above  high-water  mark  at  London  bridge ;  while  in  a  well 
at  Epping,  about  fifteen  miles  north-east  of  Lcmdon,  the  water 
rises  to  within  26  feet  of  the  summit  of  a  well,  Sj40  feet  above 
high  water  mark  in  the  Thames,  and  therefore  314  feet  above 
that  level.*  -  (P.) 

*  The  histoiy  of  thi»  well,  which  was  sonk  by  my  friend  Isaac  Payne  at 
£pping,  and  of  another  at  Hunter's  Hall,  two  miles  from  Epping,  furnish 
some  facts,  not  readily  explained  on  the  supposition  that  the  water  of  both 
is  derived  from  the  convmon  source  of  the  wells  sunk  through  the  London 
day,  viz.  the  sands  of  the  plastic  clay  formation. 

The  summit  of  the  well  at  j&pping,  as  above  stated,  is  340  feet  above  high 
water  mark.  The  first  27  feet  from  the  surface  consisted  of  gravel,  loam, 
and  yellow  clay,  then  blue  clay  S80  feet,  then  alternating  beds  of  sandy 
beds  of  blue  clay,  and  of  blue  clay  unmixed  with  sand,  and  three  or  four 
Ifeet  thick,  cotUinued  for  13  feet  more;  in  the  whole  420  feet,  of  which 20O 
'  feet  were  sunk  through,  and  220  bored,  four  inches  diameter.  Af>  no  water 
was  found,  it  was  considered  as  a  hopeless  labour :  the  boripg  was  aban« 
4loDed  and  the  well  covered  over :  at  the  end  of  fiye  months  it  was.  found 
Xbat  th^  water  bad  risen  to  virithin  26  feet  of  the  surface,  and  it  has  soxroiv* 
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tmued.  The  sinking  was  therefore  340  feet  above  the  level  of  the  Thamtt, 
and  80  feet  below  it.     The  water  is  limpid  and  soft. 

The  summit  of  the  well  at  Hunter's  Hall  was  found  by  levelling  to  be 
about  70  feet  above  that  of  the  well  at  Epping,  and  therefore  .410  feet 
above  the  high  water  mark  of  the  Thames ;  but  the  depth  of  the  well  was 
only  350  feet ;  it  therefore  did  not  reach  the  level  of  the  Thames  by  60 
feet :  and  the  water  stands  in  it  130  feet  above  the  bottom  of  the  well. 

The  facts  relating  to  these  wells  are  expressed  by  the  following  diagram. 
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The  depth  to  which  it  is  necessary  to  sink  in  order  to  procure  water 
beneath  any  retentive  stratum,  will  of  course  vary,  as  the  inclination  or 
undulation  of  the  inferior  water-bearing  stratum  brings  it  nearer  to  the 
surface  The  only  difficulty  then  is,  to  explain  why  water  issuing  from  the 
same  stratum  should  stand  at  different  levels,  since  it  would  appear  on 
the  laws  of  hydrostatics,  that  the  water  in  every  well  so  sunk,  oiight  to 
have  a  common  surface,  that  surface  being  determined  by  the  lowest  levej 
^t  which  the  water-bearing  stratum  appeared  exposed  to  the  day  along  its 
basset  edge;  for  since  such  a  stratum  would  necessarily  shed  its  waten 
from  that  point,  it  may  seem  difficult  to  understand  how  it  can  act  as  a 
reservoir  to  retain  them  at  any  higher  point  in  the  interior  of  its  area.  But 
a  little  Consideration  will  shew,  that  this  conclusion  supposes  a  full  and 
instantaneous  communication  to  exist  between  the  various  portions  of  the 
watet -bearing  stratum,  whereas  in  nature  no  such  case  exists,  the  porosity 
of  every  stratum  being  imperfect,  and  greater  in  some  parts  than  others ; 
hence,  when  any  adjacent  valley  is  excavated  so  deep  as  to  expose  a  portion 
of  the  water-bearing  stratum,  it  will  drain  it  in  that  part,  and  reduce  the 
level  of  the  water  in  the  wells  immediately  contiguous  to  that  of  such 
drainage.  Thus  the  valley  of  the  Thames,  denudating  the  plastic  clay  near 
Deptford,  brings  down  the  water  of  the  wells  on  the  east  of  London  to  its 
own  level ;  but  the  communication  between  the  points  so  drained,  and  the 
more  distant  parts  of  the  stratum,  not  being  perfect,  these  will  not  be 
drained  to  the  same  degree.  The  water  th'  refore  procured  fi  om  them  will 
rise  to  a  higher  level ;  thus  the  waters  which  have  been  collected  on  the 
basset  of  the  sand  accompanying  the  plastic  clay  against  the  chalk  hills  of 
Essex,  &c.  percolating  gradually  through  and  saturating  their  mass,  will 
rise  to  different  heights  in  proportion  as  the  low  points  of  drainage  are  near 
or  distant.  The  only  general  rule  that  can  be  deduced  is, — that  the  water 
of  wells  can  in  no  case  rise  to  an  higher  level,  than  the  highest  pomt  of  the 
strata  collecting  them ;  but  the  local  circumstances  of  the  draiiiage,  effected 
HI  the  vallies  traversing  those  strata,  may  compel  them  to  assume  various 
inferior  levels  in  the  proximity  of  such  vallies;  fa  pits  which  may  cut  off 
portions  of  the  water-bearing  strata  from  their  general  mass,  or  dam  up 
their  waters  in  particular  directions,  wiil  also  afford  otlier  causes  of  local 
VAriatiou.   (C.) 
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CHAPTER  V. 
PLASTIC  CLAY  FORMATION. 

Section  I.     General  view  of  the  Plastic  Clay. 

(a)  Chemical  and  external  characters.  Viewing  it  on  tke 
great  scale,  we  ma^r  consider  this  formation  as  composed  of  an 
indefinite  number  of  sandy  clay^  and  pebble  beds^  irregularlif 
alternating.  Of  these,  the  sands  form  in  England  the  most 
extensive  deposition ;  in  which  the  clay  and  pebbles  are  inter- 
posed subordinately,  and  at  irregular  intervals.  An  attentive 
examination  of  the  general  points  of  resemblance  in  the  sub- 
stance of  the  clays,  sands,  and  pebbles,  forming  these  irregular 
alternations  above  the  chalk,  leaves  no  doubt  as  to  their  being 
members  of  one  great  series  of  nearly  contemporaneous  depo' 
sitions^  intermediate  between  the  chalk  and  the  London  clay. 
(G.T.vol.  iv.p.  209.) 

This  formation  was  named  in  conformity  with  the  term  by 
which  an  analagous  deposite  has  been  designated  by  M.  M« 
Cuvier  and  Brongniart,  who  discovered  it  overlying  the  chalk 
in  the  basin  of  Paris.  For  some  remarks  on  the  analogy  be- 
tween the  Plastic  clay  formations  of  England  and  France,  the  , 
reader  is  referred  to  a  communication  by  Mr.  Webster  on  the 
strata  lying  over  the  chalk  in  the  second  volume  of  the  Trans- 
actions of  the  Geological  Society  (p.  200  &  seq.),  from  which 
howe?er,  it  may  be  advantageous  here  to  insert  the  following 
quotation.  '  The  Plastic  clay  of  the  Paris  basin  is  described 
as  sometimes  consisting  of  two  beds  separated  by  a  bed^of  sand. 
The  lower  bed  is  properly  the  plastic  clay.  It  is  unctuous, 
tenacious,  contains  some  siliceous  but  no  calcareous  matter, 
and  is  absolutely  refractory  in  the  fire  when  it  has  not  too 
great  a  portion  of  iron.  It  varies  much  in  colour,  being  very 
white,  grey,  yellow,  grey  mixed  with  red,  and  almost  pure  red. 
This  clay  is  employed,  according  to  its  quality,  in  making  coarse 
and  fine  pottery  and  porcelain.  The  French  sands  are  of  great 
variety  of  colours.  A  species  of  imperfect  coal  occurs  in  the 
lower  strata  of  the  Paris  basin.' 

It  is  noticed  above  that  this  formation  consists  in  England 
primarily  of  beds  of  sands,  clays  and  pebbles.  The  sands  are 
of  an  almost  infinite  variety  of  colours,  at  Alum  Bay  on  the 
coast  of  the  Isle  of  Wight ;  but  the  sand  appears  to  paw  inttt 
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sandstone  at  Studland  point  on  the  opposUe  coast  of  Dorset* 
«hire.  The  clajs  also  are  of  various  colours  and  degrees  of 
purit J,  and  are  sometimes  laminated  :  thus  we  hare  fire  claj, 
i)rick  clay,  pipe  clay  and  potters*  clay,*  the  two  former  at 
Cheam  in  Surrey  andi  at  Poole  in  Dorsetshire,  the  second  also 
at  Reading  in  Berkshire ;  the  two  latter  near  Poole  and  in  the 
Isle  of  Wight :  an  argillaceous  rock  appears  as  one  of  the  beds 
At  Newhaven  on  the  coast  of  Sussex :  layers  of  chalk  flint  peb- 
bles are  found  in  Alum  bay,  at  Newhaven,  and  under  the  clay 
beneath  Londcm.  Wood  coal  occurs  in  beds  in  the  Isle  of 
Wight,  in  Dorsetshire,  and  at  Newhaven.  Fullers*  earth  in 
ihe  beds  at  Catsgrove  near  Reading  and  on  the  Edgeware  roadr 
These  particulars  will  serve  to  shew  the  close  analogy  subsist* 
ing  between  the  beds  of  this  formation  in  England  and  France. 

(6)  Mineral  contents.  The  mineral  contents  of  these  beds 
do  not  appear  as  veins,  but  are  generally  intermixed  with  the 
dsLya  and  sands  of  which  the  formation  consists.  If  indeed  the 
coal  found  in  this  stratum  is  to  be  ranked  among  its  mineral 
contents,  it  forms  an  exception ;  being  uniformly  found  in  layers 
or  beds  parallel  with  the  sands  and  clays  above  and  below  it^ 
This  coal  however,  is  a  very  imperfect  one,  and  still  bears 
•decided  marks  of  its  vegetable  origin  :  nevertheless  it  seemed 
\o  demand  at  least  some  notice  under  the  head  mineral  contents* 
'It  will  be  spoken  of  more  at  large  at  treating  of  the  Organic 
remains  common  to  this  formation. 

Pyrites  occurs  both  in  the  pure  white  clays  of  the  tnough  of 
Poole  and  the  impure  beds  of  the  Isle  of  Wight ;  in  the  latter 
It  abounds,  and  owing  to  its  decomposition  alum  works  formerly 
existed  in  Alum  bay.  (G.  Notes.)  A  thick  dark  bhie  clay, 
very  near  the  vertical  chalk  of  Alum  bay,  on  the  north,  con- 
tains green  earth,  and  nodules  of  a  dark  coloured  limestone. 
Selenite  and  fibrous  gypsum  occur  both  in  Alum  bay  and  near 
Newhaven  on  the  coast  of  Sussex,  and  mica  in  the  sand  of  the 
latter,  as  well  as  tubular  ironstone. 

(c)    Organic  remains.  The  organic  remains  of  this  formation 

♦  Patches  of  PUttic  clay  arc  frequently  found  over  the  ctialk  in  difi^rent 
.  places  in  the  south  of  England ;  some  «f  these  are  ]|«llow,  and  are  emplo^^ed 
for  the  common  sorts  of  pottery ;  but  others  are  white,  or  g:rcyish  wtute, 
-and  are  used  for  finer  purposes.  The  coarser  clay  is  very  frequently  met 
with,  nor  are  the  finer  kinds  of  very  rare  occurrence.  In  the  Isle  of  Wight 
'two  species  of  plastie  white  clay  are  worked  for  the  purpose  of  making 
Sobacco  pipes,  for  which  purpose  also  there  is  an  extensive  quarry,  situated 
'in  several  bed«  of  white  clay,  on  the  banks  of  Poole  harbour  in  Dorsetshire^ 
.and  about  two  miles  west  of  that  place.  A  similar  clav,  which  is  used  for 
fnaking  galfipots,  is  du^  from  the  banks  of  the  Medway.  A  fine  li^ht 
asb-cofoured,  nearly  white  clay,  which  is  employed  in  the  pottery  wanta^ 
146  alto  dqg  at  Cheam,  near  Epcom  ia  Sunvyr    (G.  T.  voL  Lp.  344.) 
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€ofi9tst  of  ostree,  cerithiae^  turritelLe,  cythereae,  cyclades^  &c> 
together  with  the  teeth  of  fish,  iqiperfect  coal  partakmg  more 
or  less  oif  the  woody  fibre,  and  sometimes  exhibiting  erem  th^ 
l^ranches  and  leaves  of  plants  :*  and  on  the  authority  of  WUbchi 
Lowry,  Esq.  we  are  enabled  to  state^  that  in  some  beds  belongs 
log  to  the  plastic  clay  formation  in  the  immediate  vicinity  of 
Margate,  fossil  bones  have  lately  been  discovered. 

The  occurrence  of  oi^anic  remains  in  the  different  beds  of 
this  formation,  is,  like  the  alternation  of  the  strata  composing 
it,  exceedingly  irregular ;  sometimes  they  occupy  the  clay,  at 
other  times  the  sand  or  pebbles,  and  very  frequently  are  want-» 
ing  in  them  alL  (G.  T.  vol.  iv.  p«  299.)  There  is  not  tho 
smallest  trace  of  animal  or  vegetable  remains  in  any  of  tho 
strata  of  this  formation  at  Reading  in  Berkshire,  except  in 
the  green  sand.  The  same  barrenness  of  organic  remains  is 
noticed  in  the  purest  beds  of  the  French  plastic  clay,  and  hf 
Mt^  Webster  (G.T.  vol.  ii.  p.  ^00)  in  the  plastic  clay  of  tho 
Isle  of  Wight  and  Corfe  Castle.^ 

(d)  Range  and  extent.*  The  sands  and  clays  of  this  for«-' 
paJfLioOy  but  chiefly  the  former,  are  visible  overlying  the  chalk 
of  the  London  basin,  and  for  the  most  part  skirt  the  whoU 
distfict  occupied  by  the  London  clay,  beneath  which  they  aiao 
lie*  The  h^hest  northern  point  at  which  this  formaticm  is 
se^n^  4s  two  or  three  miles  south-^est  of  Hadleigh  in  Essex, 
whence  it  borders  the  clay  to  about  five  miles  south-west  of 
Bi'aintree,  but  the  line  between  these  deposits  is  not  welf 
ascertained;  ilalstead  and  (Doggeshall,  and  the  intermediate 
tract  are  both  on  the  plastic  clay.  Again,  it  extends  from  Waro 
on  the  north  to  near  Edmonton  on  the  south,  over  Enfield  Chase, 
and  passing  close  to  St.  Alhans,  it  skirts  the  London  clay  to 
Uxbridge,  on  the  north  of  which  it  takes  a  westerly  direction 
to  a  little  on  the  nOrth  of  Beaconsfield  in  Buckinghamshire^ 
and  thence  about  south  to  the  banks  of  the  Thames.  It  is  seen 
again  at  Reading  in  Berkshire,  and  extends  thence,  though  not 
in  a  straight  line,  to  a  few  miles  beyond  Hungeriford,  which 

*  Mr.  Webster  ascertained  that  the  vegetables  in  this  formation  at  New- 
haven,  agreed  with  those  found  in  the  Paris  basin ;  one  of  these  was  the 
fruit  of  the  Palm  tree,  another  instance  of  the  occurrence  of  the  exotics  of 
S  warmer  climate.    (C.) 

The  north  of  France,  from  Beauvais  to  Reims  presents  a  marly-  and  sandy 
tract  containing  five  beds  of  wood  coal  resembling  those  of  the  Isle  of 
Wight,  and  like  them  supporting  alternations  of  marine  and  fluviatile 
shells :  similar  facts  are  common  among  the  contemporaneous  formations 
of  the  continent.    (C.) 

*  This  indication  of  the  exact  limits  of  this  formation  on  the  side  of  its 
Junction  with  the  I^ondon  clay,  must,  for  the  reasons  assigned  in  treating 
of  that  formation,  be  regawied  only  as  an  approximation.    (C.) 


Digitized  by 


Google 


40  Book  I.    Chap.V.    Sect.  t.    General 

may  be  said  to  be  its  extreme  point  on  the  west,  except  a  fetf' 
outlying  masses,  south  of  a  line  from  the  latter  place  to  Marl-< 
borough  in  Wiltshire.  Turning  south  from  a  little  on  the  west 
of  Hungerford,  to  the  foot  of  the  chalk  hills,  it  passes  east  by 
Kingsclere,  Basingstoke,  and  Odiham  in  Hants,  and  Guildford 
in  Surrey ;  thence  rather  in  a  north-easterly  direction  a  little  to 
the  south  of  Croydon,  it  continues  to  skirt  the  foot  of  the  chalk 
hills  by  Famborough  and  Chatham  in  Kent,  and  thence  by 
Milton  and  Ospringe  to  the  foot  of  Boughtoh  hill,  where  it 
diTides,  passing  on  the  one  hand  in  a  north-easterly  direction^ 
it  skirts  the  I^ndon  clay  to  Whitstable  on  the  coast,  and  on 
the  other  nearly  east  to  Canterbury  (which  stands  on  the  beds 
of  this  formation,)  to  the  coast  of  the  Reculver;  whence  again 
it  passea  to  the  south-west,  except  where  marshy  lands  inter- 
vene, by  Sandwich,  which  is  built  upon  it,  a  little  to  the  south 
of  Deal. 

In  all  this  tract,  the  breadth  of  the  surface  occupied  by  the 
beds  of  this  formation  is  liot  very  considerable,  scarcely  ex- 
ceeding four  or  five  miles,  except  near  its  extreme  point  on  the 
west;  where  it  may  be  said  to  occupy  a  surface  of  20  miles  in 
length,  on  the  north  of  the  chalk  range  extending  from  Basing- 
stoke to  beyond  Inkpen  beacon,  and  10  miles  broad  on  the  ave-' 
rage.  On  the  south  of  Woolwich,  the  tract  also  is  considerable. 

This  formation  likewise  overlies  a  part  of  the  chalk  in  Dor-* 
setshire,  Hampshire,  and  Sussex,  intluded  in  the  Isle  of  Wight 
basin.  It  there  also  skirts  the  I^ndon  or  Blue  clay,  and  lies 
beneath  the  considerable  tract  of  that  clay  on  which  Lyming- 
ton  and  Portsmouth  are  built,  and  which  occupies  a  large  area 
surrounding  them.  The  northernmost  point  in  which  the  bedi 
of  this  formation  appear  in  this  basin  is  Houghton  hill,  about 
10  miles  on  the  west  of  Salisbury  in  Wiltshire,  except  that  it 
constitutes  Chidbury  hill  and  a  few  other  outlying  patches  on 
the  north-west.  From  Houghton  hill  it  passes  eastward,  south 
of  a  line  by  Bishopstoke  and  Bishops  Waltham  over  Bere  forest, 
which  consists  of  it,  to  Arundel  in  Sussex,  which  it  touches  on 
the  south,  quite  to  the  western  extremity  of  Brighthelmstone  ; 
at  which  place  it  terminates,  except  an  outlying  portion  of  it 
occupying  the  summit  of  the  chalk  clifF  on  each  side  of  New- 
have  u  harbour.  From  Houghton  hill  it  passes  in  a  direct  line 
westward  towards  Salisbury,  within  about  a  mile  of  which 
place  it  turns  south  to  Fordingbridge  in  Hampshire,  and  thence 
in  a  south-easterly  direction  by  Cranboume  and  Bere  Regis  ta 
within  two  or  three  miles  of  the  north-east  of  Dorchester  in 
Dorsetshire,  which  is  its  extreme  point  on  the  west,  except 
that  it  covers  the  summits  of  two  or  three  chalk  hills  on  the 
south-west  of  it.     From  near  Dorchester  it  turns  eastward 
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Ifktrtiiig  th^  foot  of  the  chalk  range  on  which  stands  Corftf 
tastle,  to  the  shore  of  the  Isle  of  Purbeck,  in  Studland  Baj^ 
and  again  forms  the  shore  of  Poole  Baj  on  the  west  of  Pool^ 
to  ChristchUrch  head. 

The  surface  occupied  by  these'  beds  in  the  tract  between 
Houghton  hill  in  Wilts  and  Brighton  in  Sussex,  does  not  exceed 
five  miles  for  the  first  half  of  the  way,  but  in  the  latter  half  it 
tapet^  6ft  to  a  very  narrow  point  at  the  latter  place.  South  of 
the  linfe  bet^iTe^n  Houghton  hill  and  Dorchester  its  breadth  is 
more  considerable,  averaging  perhaps  eight  miles,  and  occupy* 
ing  a  considerable  tract  on  the  west  of  Poole  harbottr,  termed 
the  Trough  of  Poole. 

It  is  again  visible  in  the  Idle  of  Wight,  where  the  extraor* 
dinary  appearance  of  this  formation  in  the  vertical  and  many 
coloured  sands  and  clays  of  Aliim  Bay,  will  require  further 
hotice.  In  a  word  these  sands  and  clays  being  seen  nearly  in 
the  same  position  in  thai  bay  on  the  west,  and  in  White  Cliff 
Bay  on  the  east,  leads  to  the  conclusion,  that  they  range  along 
the  island  between  the  London  clay  on  the  north  and  the  Chalk 
on  the  south.     (6.  Map). 

(e)  Surface  of  country.  The  surface  of  this  formation  may 
in  the  general  be  said  to  be  fiat :  on  the  north-east  of  f^ondoll 
it  is  remarkably  so,  but  on  the  north  and  north-west,  as  on  the 
south-west  of  Hertford,  it  attains  considerable  elevation :  be- 
tween Deptford  in  Kent  and  its  extreme  point  in  the  west,  it 
assumes  the  form  of  gentle  eminences.  Between  Houghton  hill 
in  Wilts  and  Brighton  in  Sussex,  the  country  it  occupies  is  very 
flat  and  even  low;  but  between  that  hill  and  Dorchester  its 
tindulations  are  considerable  :  it  rises  into  a  range  of  consider* 
&ble  eminence  some  miles  on  the  south-east  of  Salisbury,  of 
which  Dean  hill  is  the  westermost  extremity,  and  again  a  few 
miles  on  the  west  of  tlingwdod  in  Hants,  as  well  as  in  the 
Trough  of  Poole. 

(/)  Thickness,  The  thickness  of  this  formation  does  not 
appear  to  have  been  ascertained  in  many  places.  At  Wormley 
End  near  Wormley  Bury  in  Hertfordshire,  and  just  beyond  the 
boundary  of  thfe  I^udon  clay  in  that  neighbourtiood,  Sir  Abraham 
Hume  found  chalk  at  100  feet  below  the  surface.  (G.  Notes.) 
At  the  sinking  of  a  well  at  Liptrap  and  Smith's  distillery,  one 
mile  east  of  London  (of  which  the  sinkings  are  given  under  the 
head  of  local  details),  the  beds  of  this  formation  appeared  to  be 
104  feet  thick,  between  the  London  clay  and  the  chalk  ;  and 
from  100  to  200  feet  seems  the  average  thickness  round  Wool- 
wich. But  the  thickness  of  these  beds  appearing  in  the  vertical 
diffs  6f  Alum  bay  in  the  Isle  of  Wight  (see  Pi.  %  f^g,  6)  is  no 
less  tlMiii  1100  feet.     It    was   however  very   possible   (C,) 
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that  their  Tertical  position  has,  by  pressure,  induced  a  TerJ^ 
considerable  expansion ;  indeed,  considering  the  loose  state  of 
the  sandy  beds,  this  can  hardly  have  failed  to  be  the  case. 

(g-)  InclinaUon,  Sections  of  the  beds  of  this  formatioa 
appear  in  the  cliffs  between  Lymington  and  Poole  in  porset* 
shire,  where  they  lie  in  a  horizontal  direction.  (G.  T.  t.  2. 
p.  189.)  But  on  the  opposite  shore  of  the  Isle  of  Wight  in 
Alum  bay,  they  are  in  a  vertical  position,  the  probable  cause  of 
this  remarkable  circumstance  will  be  adverted  ,to  in  treating  of 
the  nearly  vertical  chalk  of  that  island.  It  must  however  here 
be  observed,  that  although  at  the  east  and  west  shores  of  the 
Isle,  viz.  at  White  cliff  and  Alum  bay,  all  the  beds  of  this  for-* 
mation  appear  to  be  vertical,  yet  in  the  more  central  parts  they 
differ,  for  Newport  in  the  Isle  of  Wight  is  on  horizontal  strata. 
The  organic  remains  which  have  been  found  in  perforating  these 
strata  to  the  depth  of  ^00  feet,  are  the  same  as  those  found  in 
the  vertical  marles  and  clays  of  Alum  bay.    (W.  p.  178.) 

The  dip  of  the  beds  at  Chimting  near  Newhaven  on  the 
coast  of  Sussex,  is  conformable  with  that  of  the  chalk  on  which 
they  lie,  viz.  about  20*'  to  the  west.  (G.  T.  vol.  iv.  p.  295.) 
That  of  the  beds  traversed  by  the  Redriffe  Tunnel  is  1.  in  30* 
$out)i.    (C.) 

SECTION  II. 

Local  details^ 

Although  the  foremen tioned  facts  may  be  considered  as  offet* 
ing  a  general  view  of  the  principal  phoenomena  of  the  Plastic  Clay 
formation  of  England,  it  will  be  impossible  to  do  that  justidft 
which  the  importance  of  the  subject  demands,  without  entering 
considerably  at  large  into  the  particulars  which  we  have  been 
furnished  by  various  observers ;  especially  since  they  will  serve 
to  direct  the  attention  of  the  traveller  to  the  places  best  adapted 
for  observation,  which  are,  near  Reading  in  Berkshire,  near 
JiOndon,  at  Newhaven  on  the  coast  of  Sussex,  near  Poole  in 
Dorsetshire,  and  in  the  Isle  of  Wight. 

(o)     Near  Reading. 

The  Catsgrove  brick  kilns,  distant  about  half  a  mile  from  the 
town  of  Reading,  on  the  south-west,  where  the  works  have  been 
carried  on  for  more  than  a  century,  at  this  time  present  the 
following  section,  beginning  from  the  chalk  on  which  the  beds 
constituting  the  plastic  day  formation  rest.  (G.  T*  Tol.  it. 
p.  278.) 
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Section  of  Catsgrove  IlilL  thickness 

No.  in  feet, 

1.  Chalk  containing  the  usual  extraneous  fossils  and 

black  flint unknown 

%,  Siliceous  sand  mixed  with  granular  particles  of 
green  earth,  and  containing  both  rolled  and  an- 
gular chalk-flints,  oysters,  and  many  small  and 
nearly  cylindrical  teeth  of  flsh  fiom  a  line  to  an 
inch  in  length ,        3 

3.  Quartzose  sand  of  a  yellowish  colour  with  a  few 

small  green  particles,  and  containing  no  pebbles 

or  organic  remains , 5 

4.  Fullers'  earth 3 

5.  White  sand  used  for  bricks 4 

6.  Lowest  brick  clay  of  a  light  grey  colour  mixed 

with  fine  sand,  and  a  little  iron -shot 5 

7.  Dark  red  clay,*  mottled  with  blue,  and  occasion- 

ally a  little  iron-shot.     It  is  used  for  tiles .    . .' .       6 
6.  Bed  called  the  White  rein.     A  fine  ash  coloured 
sand  mixed  with  a  small  portion  of  clay  and  in 
some  parts  passing  into  loose  white  sand.     It  is 

used  for  bricks 5 

9»  Fine  micaceous  sand  laminated  and  partially  mixed 
with  clay,  and  occasionally  iron-shot.  It  is  used 
to  make  tiles ' 4 

10.  Light  ash-colonred  clay,   mixed  with   very  fine 

sand  of  the  same  colour.     It  is  used  for  bricks.        7 

11.  Dark  red  clay  partially  mottled  and  mixed  with 

grey  clay 4 

1%  Soft  loam,  composed  in  its  upper  region  of  fine 
yellow  micaceous  sand,  mixed  with  flakes  of  a 
delicate  ash  coloured  clay,  which  become  more 
abundant  in  the  deeper  portions  of  the  stratum, 
and  having  its?  lower  regions  much  iron-shot,  and 
occaadnalTy  charged  with  ochreous  concretions, 
and  decomposing  nodules  of  iron  pyrites.  It  is 
used  to  make  soft  bricks  for  arches 11 


Total     57 

»  The  red  clay  of  Reading,  on  the  north  of  the  Hog's  back,  and  at  East 
Horsley,  is  perfectly  identical  with  that  of  Meudon  in  France,  nor  h.ive  I 
found  this  colour  equally  intense  in  any  other  clay.  The  bricks  made  of 
this  clay  are  of  a  bright  Roman  ochre  colour.    (G.  Notes.) 
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)3«  AlloYium  composed  of  clay,  sand  and  gravel,  the 
gravel  chiefly  consisting  of  ch^lk  tiints,  both 
rolled  and  angular,  with  a  few  pebbles  of  quartz^ 
^nd  of  brown  compact  sandstone.  This  alluyium 
is  covered  with  vegetable  mould , — 

The  oysters  of  No.  2  are  remarkably  perfect  \^hen  first  laid 
open,  and  seem  to  hi^ve  undergone  no  process  of  mineralisation  | 
|hey  soon  fall  to  pieces  by  exposure  io  air  and  moisture.  The 
chalk  flints  containefl  in  it  s^re  many  of  them  \n  the  state  of 
small  rounded  pebbles  ;  in  others  the  singles  are  unbroken. 
Both  varieties  are  covered  with  a  cr^st  of  greenish  ear(h  of  the 
same  nature  with  the  green  particle^  in  the  ss^nd.  Th^  angular 
flints  appear  to  have  been  derived  from  the  partial  destruction 
of  the  bed  of  chalk  immediately  subjacent,  of  which  the  i]|pper 
surface  in  contact  with  the  saiid  is  considerably  decomposed  to 
the  depth  of  s^bout  a  foot,  ai^d  its  fissures  and  numerous  a^mall 
tubular  cavities  (the  latter  derived  apparently  fron^  the  decay 
of  organic  substances)  are  filled  with  granular  particles  of  the 
green  earth  and  siliceous  sand,  the  incumbent  s^r^tum, 

In  other  Jarge  quarries  of  brick  earth  on  St.  David's  hill,  west 
of  Reading,  and  only  a  quarter  of  a  mile  distant  from  the  Cats-? 
grove,  many  of  the  subdivisipns  npled  in  the  latter  do  not  appear. 

The  prevailing  organic  remains  found  (lear  {leading  are  oyster 
shells,  and  these  are  found  only  in  the  lower  bed  consisting  of 
sand  mixed  with  green  particles.  Teeth  apps^rently  of  sharlu; 
are  mingled  in  the  mass. 

(6)    Near  London. 

Very  little  attention  has  yet  been  given  to  the  beds  of  this 
formation  immediately  on  the  north  or  nojth-e^t  of  the  me-; 
tropolis,  but  Woodward  mentions  oysters  as  being  found  on 
the  north  side  of  the  Thames,  in  a  stratum  qf  sand  that  covers 
the  chalk  near  Hertford:  this  probably  is  onp  of  the  oyster- 
beds  of  this  formation.     (G.  T.  vol.  iy.  p..  ^03). 

A  section  of  the  beds  of  this  fomiation,  underlying  the  Blue 
clay  near  L-ondon,  is  given  below,  i^  an  account  of  the  beds 
passed  through  in  sinking  a  well  at  l^^ss^s.  Liptrap  $c  Smithy 
distillery.* 

*  Section  afforded  by  the  sinking  of  a  well  at  Liptrap  &  Smith's  disti^ 
Icry,  one  mile  on  the  cast  of  London.    (P.) 

Surface  of  ground  36  feet  above  high«water  mark* 

Alluvium         $  "^  ^^^  ^^  earth  and  other  substances 

*  * '  *  2  2^  fe^  of  gravel  and  sand — contaiaiog  toHi  y«W^ 
^ondonClay     77  feet  of  Blue  clay  ^     ^ 
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On  the  south  of  London,  these  beds  occur  with  well  defined 
(ftharacters,  s^t  Blackheath,  Lewisham,  Charlton,  Woolwich)  and 
pn  the  we^t  of  Plumstead,  Jn  all  these  places,  the  thifi  he4  n^t 

5  feet  of  sand — a  s^rh^ 

6  feet  of  soft  Blue  clay 
2  feet  of  a  kind  of  marl — ^yielding  #mm  noaUr 
9  feet  of  yellow  clay 

plastic  Clay      12  feet  of  Blue  clay  intermixed  with  gravel 
formation.  „»*     9  feet  of  h^rd  brown  clay  mixed  with  gravel 
12  feet  of  green-coloured  sand  and  gravel 
12  feet  of  small  gravel  and  sharp  sand — a  good  spring 
1^  feet  of  ^ecn-coloured  clay 
^35|  feet  oi  light-coloured  sand 
~  2  feet  of  flint  &  phalk ;  mostly  ^t ;  very  hard;  a  ^^rhf 

36  feet  of  chalk  3c  flint— hard 

23  feet  of  ditto somewhat  softer 

62  feet  of  ditto a  spring 

37  feet  of  ditto  .,....,.  no  water 


Chalk Ji 

I 


370 
The  first  29  feet  a  circt^Iar  well  18  feet  diameter. 
The  next  77  feet  (i.  e.  106  feet  from  surface)  10  feet  diameter. 
The  remaining  264  feet  bored  8  inches  in  diameter. 
The  water  from  each  of  the  springs  in  the  Plastic  clay  formation  and  tht 
Chalk,  rose  precisely  to  the  same  height,  viz.  exactly  to  36  feet  from  the 
furface,  and  therefore  to  the  high  water«mark  of  the  Thames.  The  springs 
of  the  Chalk  yielded  the  greatest  quantity  of  water. 

Section  afforded  by  the  smking  of  a  well  at  Jos^h  Foster*8,  at  Bromley^ 
near  Stratford-le-Bow,  in  Middlesex.    (P.) 

Alluvium,  &c.     1 8  feet  of  loam,  clay,  gravel  and  satid 
ix>ndon  Clay      44  feet  of  Blue  clay — teaier/rom  beneath  H 
f"  2  feet  of  Blue  clay  *! 

1  foot  clay,  sand  and  shells,  mixed    >  soft  waUr 

4  feet  eravel,  sand  and  shells  j 

4  feet  fine  sand 

9  feet  blue  &  yellow  clay 

4  feet  sand  &  shells,  with  large  lumps  of  pyrites — «  H^^h^ 

of  soft  water,  sufficient  to  fill  a  2j^  mch  pipe 
9  feet  Blue  clay  with  abundance  of  broken  shells,  som^ 
resembling  oysters,  and  pyrites 

1  foot  solid  limestone 
p  Black  sand  passing  into  small  round  pebbles  like 
I         the  Blackheath  pebbles 

22  feet^  Black  sand  veined 

1  Some  small  pebbles  in  the  sand,  which  is  still  hard 
(^        and  compact 

2  feet  of  Blue  clay  very  hard  and  ^rm^^eopious  spriMg  of 
water,  wluch  threw  much  fine  whit«  sand  intif  the 

"-  pipe 

120 
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above  the  chalky  which  at  Reading  contains  fishes  teeth  and 
oysters,  is  composed  of  a  similar  substance  of  loose  sand  mixed 
with  chalk  flints,  both  rolled  and  angular,  and  generally  coated 
vpith  a  dark  green  crust;  but  here  they  contain  no  organic 
remains^  and  seldom  exceed  two  feet  in  thickness.  Above  this 
thin  bed,  is  a  stratum  of  fine-grained  ash-coloured  sand,  desti- 
tute of  shells  or  pebbles,  and  varying  in  thickness  generally 
from  thirty  to  forty  feet.  The  stratum  is  seen  to  the  greatest 
advantage  in  the  Woolwich  sand-pits,  which  present  an  enor- 
mous artificial  section.    (G.  T.  vol.  ii.) 

The  clay  beds  of  the  Woolwich  pits,  and  of  Loam  Pit  hill  near 
Lewisham,  contain  cerithia,  turritellae,  cytherege,  ostrea,  &c. 
which  occur  in  patches  in  the  stratum  of  rolled  flints,  and  sand 
coTcring  the  clay  beds  near  Woolwich.  This  shelly  stratum  may  be 
traced  hence,  along  the  slope  of  the  hills  overhanging  the  marshes 
of  the  Thames  through  the  parish  of  Charlton ;  n  part  of  the 
Woolwich  excavation  is  called  New  Charlton  hUl,  and  there  are 

ThefpUowio^  account  of  the  tmiDd  at  Rotherkithe,  is  by  the  Rev.  W.  D« 
Conybeare.  • 

'^  '  Tne  remarkable  attempt  to  carry  a  tunnel  beneath  the  Thames  at  Rother- 
hithe,  in  ordectoiaeiUtatejthe  communieatton- between  the  two  sides  of  tlve 
'^liver,  was  carried  on  in  the-bed&of  this  formation  about  a  mile  on  the  soutk 
of  the  last  section,  with  which  therefore  it  furnishes  a  good  point  of  conv* 
parison. 

Two  shafts  were  sunk,  one  on  each  bank,  between  50  and  W  feet  deep, 
'then  a  horiaontal  tunnel  was  carried  from  the  bottom  of  the  southern  to- 
wards the  northern  shaft,  running  about  SO  feet  below  the  bottom  of  the 
river ;  more  than  two-thirds  of  the  distance  had  been  excavated  when  a 
quicksand  supposed  to  communicate  with  a  hole  in  the  bottom  of  the  chan- 
nel was  penetrated,  the  works  were  in  consequence  immediately  flooded 
and  abandoned; 

The  strata  rose  irom  north  to  south  about  one  foot  in  SO,  so  that  the 
upper  bed  of  London  clay  which  exhibited  a  thickness  of  49  feet  1:1  th» 
north  shaft,  was  reduced  to  nine  feet  in  the  southern  ;.  and  the  strata  pene^ 
trated  in  sinking^the  latter  shaft,  were  again  cut  in  driving  the  tunnel,  being 
brought  down  successively  to  its  level  by  their  inclination. 

1.  The  London  elay  had  its  usual  characters^  the  upper  part  being  blue,, 
the  lower  variegated^  the  strata  occurring  beneath  it  were  as  follows :     . 

feet    in, 

2.  Loose  watery  sand  and  gravel 2&    8 

3.  Blue  clay * 3     0 

4.  Loam 5     1 

5.  Blue  day  with  idieUs,  chiefly  cytherea   3    9 

6.  Hard  conglomerate  rock,  consisting  of  flint 

gravel  with  a  calcareous  cement 7    6 

7.  Light  blue  laminated  clay  with  pyrites 4    6 

It  is  obvious  that  no  ground  could  be  worse  chosen  for  the  purpose  tkag 
this,  consisting  of  loose  strata  of  sand,  &c. :  had  the  attempt  been  made 
where  the  channel  of  the  river  is  entirely  in  the  firm  London  clay, 
it  would  probably  have  succeeded,  and  added  another  ^o  the  wonders  of 
the  metr'^nolis. 
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others  almost  equally  extensive  immediately  below  Charlton 
tharch:  on  the  east  the  same  shells  may  be  traced  as  far  aiS 
Plumstead ;  they  are  well  exhibited  in  a  ravine  just  beyond  thd 
east  side  of  Woolwich  common  in  that  direction ;  the  detail  of 
these  beds  is  given  in  the  following  sections.     (C.) 

1.  Near  Plamstead  in  Kent. 

In  a  pit  about  a  mile  south-east  of  Plumstead  were  found 
Gerithia,  Turritellse,  Cythereae  and  Calyptreea  trochiformis 
Lam.  Trochus  apertus  Brander.  Arcie  gly^emeres,  Arcs 
naticas,  and  many  minute  shells  in  good  preservation,  but  ex* 
tremely  brittle,  and  having  their  surfaces  every  where  indented 
with  impressions  of  the  minute  sand,  which  is  especially  obvious 
in  the  Cyclades.  On  the  heath  near  Crayford,  about  four  miles 
east  of  Charlton,  long  vaulted  oysters  are  found  ;  and  about  two 
iniles  further  in  the  parish  of  Stone,  is  Cockleshell  bank^  so 
called  from  the  great  number  of  shells  observable  in  it,  which 
are  of  the  three  kinds  first  mentioned  above.  Fragments  of 
these  shells  are  frequently  turned  up  by  the  plough  in  th« 
neighbourhood,  and  the  same  shells  have  been  found  at  Dart* 
ford,  Bexley  and  Bromley  to  the  southward.  Near  Bromlejf 
stone  is  found  near  the  surface,  formed  of  oyster  shells  stiU 
adhering  to  the  pebbles  to  which  they  were  attached,  and 
which  are  similar  to  those  occurring  in  the  beds  of  Charlton  and 
Plumstead,  the  whole  being  formed  by  a  calcareous  cemeiit 
into  a  coarse  shelly  limestone  containing  numerous  pebbles :  a 
quarry  of  this  stone  is  worked  in  the  grounds  of  Claude  Scott^ 
Esq.  The  Strombus  pes  pelicani,  and  a  species  of  cucqllsea,  in 
a  siliceous  state,  have  been  found  at  Faversham  in  Kent,  in  a 
bed  of  dark  brown  sand  slightly  agglutinated  by  a  siliceoui 
cement)  and  lying  over  the  chalk.     (G.  T.  v.  i.  p.  343—4.) 

..      ft.  Woolwich  Pits.    (See  G.  T.  t.  iv.  pi.  13.  No.  1 .)     • 

Ko.  feet* ' 

1.  Chalk  with  beds  and  nodules  of  black  flint -— 

2.  Greeii  saind  j6i  the  Reading  oyster  bed,  containing 

green  coated  chalk  flints,  but  no -organic  remains  1 

3.  Light  ash-coloured  sand  without  shells  or  pebbles  35 

4.  Greenish  sand  with  flint  pebbles ; .  1 

5.  Greenish  sand  without  shells  or  pebbles 8 

6.  Ironi»shot  coarse  sand  without  shells  or  pebbles, 

and  containing  ochreous  concretions  disposed  in 

eoncentric  laminae^ , ft 

T.  Blue  and  brown   clay,   striped,   full  of  shells, 

chiefly  cerithia  and  cythereae  ...,•.«.......  »^  -  ^i 


Digitized  by 


Google 


4i  Bdokl    Chap.  V.    Sect.  It.    Local  DemU 

8.  Clay  striped  with  brown  and  red,  and  containing 

a  few  shells  of  the  above  species  . .  . , 6 

9.  Rolled  flints  nlixed  with  a  little  sand,  occasion- 

ally containing  shells  lilLe  those  of  Bromley ; 
e.g.  ostrea,  cerithium  and  cytherea,  dissemi- 
nated in  irregular  patches 12 

10.  Allu?ium.  

Total  thitkness     81 

No.  1  and  2  are  not  laid  open  in  the  great  sand  pits,  but  are 
seen  in  a  chalk  pit  adjoining  to  the  eastern  extremity  of  tho 
sand-pit. 

The  Woolwich  shell  beds  may  be  again  seen  On  the  west  of 
Blackheath  at  a  lock  of  the  canal  about  a  mile  above  New 
Cross  towards  Croydon,  in  the  plain  that  lies  under  the  east 
side  of  the  Sydenham  hills.  At  this  lock  have  been  observed 
ancilla  buccinoides,  cerithium  denticulatum,  cyclas  deperdita, 
a  small  buccinum,  and  a  small  nerite.  (6.  T.  vol.  iv.  p.  292.) 
The  same  shells  (C.)  are  found  in  the  wells  between  Camber* 
well  and  Deptford. 

It  is  mentioned  by  Woodward  that  the  Woolwich  shells  are 
found  at  Camberwell  and  Beckenham,  on  the  north-west'  and 
south-east  sides  of  the  Sydenham  hills.  They  also  occur  at 
the  following  places  in  the  saiAe  line;  namely,  Redriffe 
tunnel,  Lewisham,  Blackheath,  Woolwich,  Beckenham,  Chisle^^ 
hiirst,  Bexley,  Cockleshell  Bank,  two  miles  south  of  South 
Fleet,  Windmill  hill  near  Gravesend,  and  Higham  on  the 
Thames  and  Medway  canal.  They  are  also  found  at  Runge- 
Well  hill  near  Epsom,  and  at  Headley  between  Epsom  and 
Dorking.  (G.  T.  vol.  iv.  p.  293.)  All  these  localities  (C.)  are 
precisely  indicated  by  figures  in  the  map  accompanying  the 
memoir  on  this  formation  in  the  volume  referred  to.  Further 
in  Kent,  near  Faversham,  the  ash-coloured  sand  of  this  for- 
mation, though  usually  destitute  of  fossils^  contains  silicified 
«rc»,  glycemeres  and  naticae  canrenas. 

3.  Loam  Pit  hiU.    (G.  T.  vol.  it.  pi.  IS.  No.  2.) 

The  following  Section  at  Loam  Pit  hill,  near  Lewisham, 
about  three  miles  south-west  of  Woolwich,  presents  analogies 
that  identify  many  strata  in  that  and  the  preceding  section,  as 
from  the  chalk  upwards  to  No.  8,  in  each  inclusively  ^  the 
principal  difference  consists  in  the  presence  of  fewer  or  no 
pebbles,  in  beds  of  sand  evidently  contemporaneous.  The 
beds  presented  by  the  following  sections  cannot  all  be  observed 
at  one  place,  but  may  be  traced  along  the  sloping  surface  of 
tlie  tally  at  three  saccessive  i4;>ertttres  near  each  other^  in 
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^kich  the  upper  stratum  of  each  lower  pit  is  dug  into,  and 
forms  the  floor  of  the  next  above  it; 


No.  Lower  pit.  feet. 

1.  Chalk  with  beds  and  nodules  of  flint ;     — 

d.  Green  sand  identical  with  the  Reading  oyster 
bed,  and  in  every  respect  resembling  No.  2  at 
Woolwich . .  .• i 

3.  Ash-coloured  sand,  slightly  micaceous,  without 

pebbles  or  shells ....•• 35 

This  bed,  though  below  the  general  floor  of  the  mid'* 
die  pit^  is  sunk  into  it  by  deep  shafts. 

Middle  pit 

4.  Coarse  green  sand  containing  pebbles  ..;...:..       5 

5.  Thick  bed  of  ferruginous  sand,  containing  flint 

pebbles 12 

6.-  Loam  and  sand,  in  its  upper  part  cream-coloured, 

and  containing  nodules  of  friable  marie,  in  its 

lower  part  sandy  and  iron-shot 4 

t.  Three  thin  beds  of  clay,  of  which  the  upper  and 

loWer  contain  cythereae,  and  the  middle  oysters       3 

tipper  pit 

S.  brownisli  clay  containing  cythereae ^ ;     -^ 

This  is  the  lowest  bed  sunk  into  the  upper  pit,  and 
is  not  there  penetrated  to  a  depth  exceeding 
one  foot.  The  interval  between  this  and  No.  7, 
which  occupies  the  summit  of  the  middle  pit,  i» 
not  exactly  ascertained,  but  cannot  be  con- 
siderable, probably G 

9.  Lead-colotired    clay  containing    impressions  of 

leaves  •  ^ . . .  j  •  • • •  ^ .  • .  •  i  •       2 

10.  Yellow  sand ; *       3    .. 

1 1.  Striped  loam  and  plastic  cl^y,  containing  a  few 

pyritical  casts  oi  shells,  and  some  thin  leaves 

of  coaly  matter * »     10 

12.  Striped  sand,  yellow^  fine  and  iton-shot 10 

13.  Alluvium.  . 

Total    91 

,At  a  point  still  higher  in  tke  hill  lies  ft  mass  (A  thtt  London 
tbiy* 
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SknUar  1>«dt  nay  b«  U»ced  maaA  tb^  •Wpiu  termtft.  t^t 
bounds  th«  north-west  and  south  9idtl  ol  the  pUuia  oi  UUi^ 
heath,  the  surface  of  which  consists  of  a  bed  of  rounded  peb^ 
bles,  *  about  20  feet  thick ;  beneath  this  is  a  ^ed  of  sand) 
ideiitical  with  No.  12  of  Loun  PH  Mil,  resting  qb  another  of 
plastic  dsLjy  which  supports  the  water  of  ail  the  wells  oa 
Blackheath,  and  possesses  the  same  pecvUar  dork  red  colour 
with  the  plastic  ckj  of  Readmg,  Coifo  Caatloy  and  Paris,  and 
has  been  used  for  potterj.i  Beneath  this  claj^  tho  Woolwich 
shell  beds^  md  sttbjaceat  thick  ash-coloured  «aiid,  are  to  be 
seen  in  several  parts  of  the  sloping  tenaco  th^t  surrounds  the 
Blackheath  plaiii*  Under  tbese^  oa  the  north  fide^  appoaxa  the" 
chalk,  separated  from  the  a^^oolouxod  saad  pj  the  nme  thia 
pebble  bed  as  at  Reading. 


•  The  bed  of  pebbles  coretii^  Btaddieath  coniiitt  iriiiMMt  wKo%  of 
rolled  chalk  iiiits»  tiicfa  «s  the  ncif hboufioff  9lrata  ^f  the  plastfe  clay  for- 
matioa  conuin  abundantly^  and  from  which  they  if  ere  probably  derived* 
(O.T.vol.iv.p.2dl.) 

The  Hirtfirdshire  jtudihi^it&ne  h.  composed  of  ov^te  siliceont  nebblet  ef 
various  c(^ur9  imbedded  m  a  siKceout  ceaient.  These  pebbles  appear 
to  be  no  other  than  altered  chalk  ^Bt»  of  the  same  era  with  those  found  at 
Blackheath,  and  difiering  only  in  their  being  unitf  d  by  the  cemeat.  Many 
of  the  purest  varieties  of  the  Blackheath  pebbles^  if  polished,  are  exactly 
similar  to  those  of  the  Hertfordshire  puddingstone.  Large  blocka  of  a 
coarse  variety  of  the  same  siliceous  puddingstone  are  not  uncommon  on  the 
surface  of  the  chalk  in  the  south  of  England ;  as  at  Bradenham  near  High' 
Wycombe  in  Bucks,  at  Nettlebed  in  Oxfordshire,  at  Portesham  near 
Abbotsbury  in  Dorsetshire^  and  in  Devonshire.  They  have  not  yet  been 
found  imbedded  in  their  native  stratum,  which  seems  to  have  been  destroyed 
extensively  above  the  English  chalk,  and  to  have  been  a  member  of  that 
series  of  irregular  ahemations  of  beds  of  day,  sand,  and  gravel,,  either 
separate  or  nii:Ked  together,  which  has  been  designated  the  Plastic  clay- 
formation.    (6.  T.  voL  iv«  pw.  301 .), 

i  It  is  probable  that  the  plastic  ctay  eontains  at  ^ackheath|  as  at  Corfe 
Castle,  Alum  bay,  and  Loam  Pit  hiH,  the  remains  of  vegetable  matter 
approaching  to  coal;  and  that  ^s  circumstomre  has  given  orim  tor  the 
erroneous  opinion  so  prevalent,  that  there  is  good  cosd  at  Blackheath^  if 
government  would  allow  it  to  be  worked^ 

The  very  high  improbability  of  finding  good  coal  above  the  chalk,  it 
acknowledged  oy  all  who  have  even  the  smallest  acquaintance  with  the 
English  coal  mines..  The  presence  of  black  vegetable  matter  in  a  state 
approaching  charcoal,  in  almost  all  our  secondary  arjplloceoas  strata,,  haa 
causeii  endless  vain  attempts  to  search  for  useful  coal,  m  formatiooi  v^iere 
the  discovery  of  that  substance  would  be  contrary  to  all  experience  in  diit . 
couQtry.  No  good  coal  has  I  believe  been,  yet  found  In  England  in  any 
stratum  more  recent  than  the  new  red  sandstone,  or  red  rock  marle.  That 
qf.  the  Cleveland  moors  in  Yorkshire  beioz  above  the  lias  and  in  th^  oolite 
formation,  is  of  so  bad  a  quality  as  scarcely  to  form  an  txceptioa  te  thia 
position.     (G. T.  voL  iv.  p.  889) 
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4.  Neat  Bromley  in  Kent 

At  Sttndridge  park  near  Bfomley  In  Kent,  is  an  Immense  de- 

Ksit  t)f  shells  peculiar  to  thfe  Plastic  clay  formation,  accnmu- 
ed  confused Ij  In  a  bed  of  loose  sand  and  pebbles.  Of  these 
nhelis  some  are  broken,  and  others  entire  and  delicately  pre- 
•ciVed.  They  are  also  sometimes  fixed  together  by  a  calca- 
teous  cement  (derived  apparently  from  the  substance  of  the 
ihells  themselves),  forming  a  hard  breccia  with  the  siliceous 
l^ebbles  and  sand  in  which  they  are  imbedded.  A  similar 
breccia  was  sunk  into  in  the  workings  of  the  RedriflTe  tunnel. 
I  liave  from  the  bed  at  Bromley,  adds  the  Rev.  W.  Ruckland, 
H  Specimen  in  which  five  oyster  shells  are  so  afiixed  to  the 
opposite  sides  of  a  large  kidney-shaped  pebble,  that  they 
ne^m  to  have  commenced  their  first  growth  on  it,  and  to  have 
Veen  attached  to  it  through  life,  without  injury  by  friction 
from  the  neighbounng  pebbles  :  we  cannot  but  infer  then  that 
ih^se  pebbles  received  their  form  during  a  long  period  of  agi- 
tation, which  was  succeeded  by  a  period  of  repose,  in  which 
latter  they  were  in  a  state  of  sufficient  tranquillity  for  the  shells 
hi  question  to  live  and  die  undisturbed  in  the  midst  of  them. 
<G.  T.  vol.  iv.  p.  300.) 

5.  Nectr  Ewell  in  Surrey. 

At  Ewell  in  Surrey,  the  clay  of  this  formation  is  worked  as 
A  fire  clay;  it  occurs  in  two  or  three  layers  of  different  quali- 
ties, rising  from  under  the  edge  of  the  London  clay.  The 
Ujppermost  of  these  beds  is  of  a  reddish  colour  with  blue  veins; 
the  next  is  a  bed  of  clay  about  three  feet  thick,  not  unlike 
fuller's  earth';  and  this  rests  upon  sand  of  a  similar  brown 
Colour;  beneath  which  may  be  seen  the  lower  bed  of  white 
Isand;^  and  under  that  the  chalk.  These  beds  of  clay  and  sand, 
mixed  in  various  proportions,  are  manufactured  into  tiles  and 
bricks  for  ovens,  furnaces,  &c.  where  great  heat  is  to  be  with- 
ito^.  The  lower  sand  may  be  seen  to  rest  on  the  chalk  on 
the  south  side  of  Addington  hills,  at  Croomhurst,  and  in  the 
neighbouring  part  of  Surrey.     (Middleton.    C.) 

(c)  At  Newhaven  in  Sussex, 
The  beds  of  sand  at  Newhaven  on  the  coast  of  Sussex,  entlose 
shells  belonging  to  the  genera  cerithium,  cytherea  and  ostrea, 
together  with  pyritous  casts  of  them  ;  fruit  of  one  of  the. palm 
tribe  with  the  fibres  distinct,  and  impressions  of  leaves.  There 
isidso  a  thick  bed  of  blue  clay  containing  marine  fossils,  which 
are  different  from  those  ulmally  found  in  the  London  clay, 
#V(irlyiag  beds  of  marU  and  clay  containing  coal,  which  ar« 
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proved  by  the  organic  remains  they  contain,  to  belong  to  th« 
J'Jastic  clay  formation.     (G.  T.  vol.  ii.  p.  191.) 

A  similar  deposition  of  sand  to  that  of  Reading,  containing 
H  breccia  of  chalk-flints  as  its  lowest  stratum  (about  three  feet 
thick),  lies  between  Newhaven  and  Beachy  Head  on  the  coast  of 
Sussex,  in  the  cliff  at  Chimting  castle,  half  a  mile  on  the  east 
Kide  of  Seaford.  The  sand  is  here  fawn-coloured,  with  small 
^akes  of  n^ica,  and  occasionally  contains  irregular  veins  and 
masses  of  tubular  conpretions  of  iron-stone.  Its  greatest  thick- 
ness is  under  50  feet.  Under  this  sand,  the  breccia  of  the 
lowest  bed  forms  an  ochreoi^s  pudding-stone,  composed  of  sand 
pind  chalk  flints  (the  latter  both  rolled  and  angular),  the  whole 
lieing  strongly  united  by  a  ferruginous  cement,  and  the  flintji 
being  covered  externally  by  a  green  coating  like  those  in  the 
oyster  bed  at  Reading  in  Berkshire.  The  chalk  rises  suddenly 
to  a  lofty  cliff  on  the  east  side  of  the  flat  ground  that  }ies  be? 
tween  Newhaven  and  Seaford,  dividing  the  beds  of  the  Plastip 
clay  formation  at  Newhaven  from  their  outlying  fragments  at 
Chimting,  with  which  they  were  probably  connected  before 
the  expavation  pf  the  valley  of  the  Ouse.  At  Chimting  castle 
there  is  but  a  small  insulated  portion  of  the  sand  and  brecci^ 
incumbent  on  the  chalk;  the  sand  soon  ceases  in  ascending 
the  hill  eastward  from  the  castle,  and  afterwards  the  breccia, 
haying  formed  a  thin  cap  on  the  chalk  for  a  short  distance, 
disappears  a  little  below  the  signal-house,  about  one  mile  east 
of  Seaford ;  between  which  and  Beachy  Head,  it  is  believed 
that  nothing  appears  on  the  chalk  but  occasional  patches  of 
alluvial  sand  and  gravel.  But  op  the  west  side  of  the  Ous« 
at  Newhaven,  the  breccia  appears  covered  by  the  sand  as  at 
Chimting  castle ;  differing  only  in  being  less  firmly  cemented, 
but  appearing  equally  identical  with  the  oyster  bed  at  Reading. 
(G.  T.  vol.  iy.  p.  294—5.) 

Section^  of  the  Castle  hill  at  Newhaven,  pommencing  a^ 
the  lowest  bed.    (G.  T.  vol.  iv.  pt  296.) 

fio.  feet 

1.  Chalk,  containing  alumine,  in  hollows  on  its  sur- 

face   , 50 

2.  Breccia  of  green  sand  and  chalk -flints,  the  latter 

covered  with  a  ferruginous  crust 1 

3.  Sand  varying  from  yellow  to  green  and  ash- co- 

loured      20 

♦  These  beds  appear  a^in  on  the  opposite  shprfM  of  ]^rance.  near  Dieppe, 
jn  (k^  (lainf  relative  pqsiuoq. 
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4*  Series  of  clay  beds  containing  coalj  matter^  scle- 
nttes  and  fibrous  gypsum,  also  leaves  of  plants, 
and  sulphur-coloured  clay 20 

iS.  Foliated  blue  clay  containing  cerithia  and  cy- 
clades  and  a  few  oysters.  In  this  clay  is  a 
seam  of  iron  pyrites  about  an  inch  thick,  with 
pyritical  casts  of  cyclades  and  cerithia 10 

C.  Consolidated  argillaceous  rock  full  of  oysters, 

with  a  few  cyclades  and  cerithia 5 

7*  AUuviuni  full  of  broken  chalk  flints  mixed  with 

sand f ,......,, 10 

(d)     Dorsetshire, 

Potters'  clay  is  described  by  Dr.  Berger  as  alternating  with 
the  loose  sand  of  this  formation  in  the  trough  of  Poole,  in  beds 
of  various  thickness  at  different  depths,  and  he  says  that  from 
^  cursory  chemical  examination  by  Dr.  Marcet,  the  existence 
of  alumine,  lime,  magnesia,  oxide  of  iron  and  silica  were  disv 
covered  in  it.  It  feels  greasy  and  smooth,  its  colour  varies 
from  ash-grey  to  blue,  its  fracture  is  a  little  shining  and  un- 
even. It  contains  cylindrical  blue  nodules,  (called  pins  by 
jthe  workmen)  of  a  more  close  texture,  in  which  there  is  pro«> 
bably  a  greater  proportion  pf  the  oxide  of  iron.  This  clay  i» 
sent  to  Staffordshire  where  it  is  mixed  with  ground  flints,  and 
employed  in  the  finer  kinds  of  pottery.  Its  specific  gravity  is 
1.723.  Beneath  this  potters'  play  lies  a  seam  of  some  thicks 
ness,  of  an  extremely  friable  earthy  brown  coal,,  which  crumbles 
to  pieces  when  put  into  water.  It  bums  with  a  weak  flame, 
emitting  ^  pairticular  and  rather  fragrant  smell  of  bitumen, 
somewhat  analogous  to  that  of  Bovey  coal,  but  is  of  less  specific 
gravity.  Pir^s  pf  clay  frequently  traverse  ijt.  (G?  T,  vol.  i. 
p.  254.) 

All  along  the  north  side  of  the  range  of  chalk  hills  which 
extend  from  Hand  fast  point  to  beyond  Corfe  Castle,  there  is 
an  extensive  stratum  of  pipe  clay  in  a  horizontal  position.  It 
contains  a  bed  of  coal  so  exactly  resembling  that  of  Alum  bay, 
that  this  circumstance,  added  to  the  quality  of  the  clay,  and 
its  position  above  the  chalk,  is  sufficient  to  identify  it.  The 
same  stratum  of  clay,  though  not  of  equal  quality,  may  be 
traced  in  the  hills  near  Poole,  and  is  found  in  many  parts  of 
that  extensive  tract  called  the  trough  of  Foole.     (  W.) 

I  have  been  favored  by  S.  L.  Kent,  Esq.  M.G.S.  with  the 
following  section  afforded  by  a  Quarry  of  Pipe  clay,  situated 
on  the  borders  of  Poole  harbour,  and  abput  twp  miles  ^  est  of 
PobU. 
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llie  Heath; 


/  ^ 

/  ^ 


Sand  aail  water.    About  the  level  •£  Poole  harbour, 

A.  White  sand  and  frit  about  10  feet.  ^  i.  Brown  ctav  4  f.  and  I  f.  each. 
f  f  ff  r.  Beds  of  white  pipe  clav,  3  to  5  feet  each.  /  Red  land  8  feet. 
#rtftf.  Black  sandy  1  to  3  feet  tbielK. 

The/rtY  (as  k  is  termed  by  the  quanymen)  appears  to  c<rti- 
nisi  of  white  and  brown  sand,  agglutinated  bj  an  iroi^-shot 
cement.  The  upper  stratum  of  brown  clay  is  nsed  for  fire 
bricks ;  of  the  other  and  thinner  beds  of  brown,  and  also  of  tbef 
black  clay,  no  use  is  made.  In  the  white  pipe  clay  are  found 
Bodules  of  indurated  clay  with  pyrites.  The  sand  on  which 
these  beds  lie  is  nearly  lerel  with  high  water  mark  in  Poole 
harbour.     (P.) 

Studland  is  near  a  romantic  range  of  cliffs  which  end  in  h 
narrow  neck  of  land  <;alied  the  Southhaven  point ,  and  formmg 
,the  southern  entrance  to  Poole  harbour :  the  cliffs  are  of  a 
compact  yellpw  sandstone  in  which  are  several  grottos  and 
Cavities.     (G.  Notes.) 

(e)  Isk  of  Wight. 
The  stratum  next  on  the  north  to  the  nearly  vertical  chalk 
0f  Alum  bay,  is  chalk  marie  (see  PI.  2.  fig.  6.)^  then  succeed 
green,  red,  and  yellow  sand,  together  about  60  feet  in  thick* 
ness,  and  in  the  same  position,*  and  afterwards  a  bed  of  dark 
blue  clay,  about  200  feet  thick,  containing  much  green  earth 
and  nodules  of  a  dark  coloured  limestone  enclosing  a  few  fossil 
shells  mentioned  below :  next  on  the  north  follows  a  vast  suc-^ 

*  The  probable  cause  of  the  vertical  position  of  these  beds  in  Alum  hpy 
will  be  mentivned  in  treating  of  the  chalk  of  the  I^  of  Wight. 
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4/  tb$  JPAMm  C&v  If^fmtkn—hU  qf  IVigki.        «» 

MtMGE  of  beds  of  tand  of  Tarioiu  coloart,  321  fe«t  inilii^k-' 
IMM I  next  to  wkick,  and  m  the  middle  of  the  bay,  ii  a  ▼«? j 
BWOttfOUt  socceaiiea  of  beds,  which  contain  a  large  proportion 
of  pipe  day  of  Tariom  cokmrs,  white,  yellow,  grey  and  blacks 
iahl  tiieie  alternate  with  beantifnUy  coloured  sands.  The 
«Jtay  19  sometimes  in  beds  several  feet  in  thickness,  without 
any  admixture,  and  sometimes  in  laminae*  not  a  quarter  of  an 
inch  thick,  with  sand  between  them :  the  whole  being  about 
M3  feet  in  thickness.  Near  the  middle  of  these  latter  bedfT 
are  three  beds  of  a  sort  of  wood  coal,  the  regetable  origin  of 
which  is  distinctly  pointed  out  by  the  fruits  and  branches  still 
tp  be  observed  on  it.  It  sometimes  splits  into  irregular  layers 
in  the  direction  of  the  bed,  and  the  cross  fracture  is  dull  and 
earthy.  It  bums  with  difficulty  and  with  rery  little  flame, 
giving  ont  a  sulphureous  smell.  About  150  feet  in  the  north 
are  five  other  beds  of  coal  similar  to  the  preceding,  each  a  foot 
thick.  On  the  north  of  the  whole  ef  these  beds  of  sand,  clay 
and  coal,  of  MS  feet  in  thickness,  are  several  layers  of  large 
water-worn  black  flint  pebbles,  imbedded  in  deefp  yellow 
sand ;  to  which  success  a  stratum  of  blackish  clay  with  muchi 
green  earth  and  septaria,  250  feet  m  thickness,  and  analagou^ 
to  the  tondon  clay.     (G.  T.  vol.  ii.  p.  184.) 

These  strata  extend  quite  across  the  isle  in  a  vertical  po« 
sition,  keeping  parallel  to  the  chalk,  and  appearing  again  at 
White  Cliff  bay  on  the  east  end ;  where,  however,  they  are 
much  concealed  by  grassy  slopes.  The  sands,  marles,  and 
elays  are  of  every  possible  variety  and  shade  of  colour,  giving 
to  the  cliff  in  Alum  bay,  which  is  about  200  feet  high,,  mhen 
viewed  at  a  little  distance,  a  very  beautiful  appearance.  The 
number  and  variety  of  these  vertical  layers  is  endless :  they 
may  be  compared  to  the  stripes  on  the  leaves  of  a  tulip,  and 
are  afanost  equally  bright.  On  cutting  down  pieces  of  the  cliff, 
it  is  astonishing  to  see  the  brightness  of  the  colours,  and  the 
delicacy  and  thinness  of  the  several  layers  of  white  and  red 
sand  (some  of  which  do  not  exceed  the  eighth  of  an  inch), 
shale  and  white  sand,  yellow  clay,  and  white  or  red  sand,  and 
indeed  almost  every  imaginable  combinaltion  of  these  materials*^ 
The  forms  of  particular  parts  of  this  cliff,  when  viewed  near, 
and  from  the  beach,  are  often  of  the  most  picturesque  and 
even  sublime  kind,  resembling  the  weather-worn  peaks  of 
Alpine  heights.  The  fact  is,  that  the  rain  and  weather  has 
worn  away  the  softer  parts,  leaving  t&e  more  solid,  sharp'  and 
ffpinted-    (W.  p.  160.) 

Among  other  fossil  shells,  too  imperfect  for  the  diso^ery  of 
their  genus,  were  found  cythereae  and  turritellas  in  masses  of 
daik  coloured  limestone  in  the  th«di^  stratum  of  blue  clay,  a 
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Httle  on  tbe  north  of  the  nearly  vertical  chalk  of  Alum  bay/ 
(G.Tr  Tol.  ii.  p.  191.)  The  fossil  coal  of  the  several  bedt 
aiready  mentioned,  and  of  which  the  vegetable  origin  is  dis^^ 
•orerable  bj  the  fruits  and  branches  still  obserrable,  bums 
with  difficulty  and  with  very  little  flame,  giving  out  a  sul- 
phureous 0donr>  Eight  beds  eccur^  each  about  a  foot  thicks 
(W.) 


APPENDIX.* 

On  the  Formations  above  the  Chalk  in  Yorkshire  ami 
Lincolnshire. 

The  northern  extremity  of  the  formations  above  the  chalk  hi 
Lincolnshire  and  Yorkshire,  separated  frOm  the  main  tract  of 
the  London  basin  by  the  sestiiary  of  the  Wash,  has  not  yet  been 
satisfactorily  exploded,  kx\d  has  been  too  hastily  considered 
as  entirely  concealed  by  alluvial  or  diluvial  deposits ;  but,  fromf 
the  following  sources  of  inforniation  it  should  appear  that  thi$ 
is  far  from  being  universally  the  case,  and  that  the  regular' 
substrata  may  be  observed  through  considerable  tracts;  this 
district  therefore  seems  to  merit  a  particular  notice  :  since  how- 
ever the  intelligence  to  be  gleaned  is  too  scanty  to  identify  the 
exact  place  of  the  strata  mentioned  in  the  regular  series,  it  has 
been  determined  to  throw  them  together  in  this  article. 

The  south-east  angle  of  Yorkshire  from  Bridlington  bay  tcf 
Spurn  head,  known  under  the  name  ofHolderness,  is  peninsulated 
by  the  Hull  river,  which  is  skirted  on  either  side  by  a  broad  tract 
of  marsh  land,  protected  from  the  incursions  of  the  high  tides 
by  its  embankments  only  J  a  breach  iu  which  would  reduce  it 
to  the  state  of  an  island,  separated  by  a  strait  about  six  miles' 
broad  from  the  chalk  hills  of  the  Wolds.  These  marshes  are 
remarkable  for  the  occurrence  of  the  remains  of  an  extensive* 
forest  at  the  level  of  the  present  low-water-mark,  which  may 
bfe  traced  at  the  same  level  round  the  coast  of  Holderness  and 
through  Lincoln  ;  this  will,  on  a  future  occasion,  form  an  in-' 
teresting  subject  of  inquiry  (see  Book  VI);  at  present  our  con- 
cern is  with  the  regular  sti'ata. 

The  district  of  Holderness  rises  from  these  marshes  into  low' 
hills,  which  face  the  sea  with  a  line  of  cliflfs  sometimes  exceed-' 
ing  100  feet  in  height,  remarkable  for  the  rapid  encroachments 
of  the  sea,  which  in  these  quarters  seems  more  than  onec  im 
he^ve  gained  on  the  land,  and  again  relinquished  its  contests^ 
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Pennant,  in  the  introduction  to  his  Arctic  Zoology,  describes 
these  cUffs  as  being  very  lofty;  as  extending  from  near  tbo 
village  of  Hornsey  on  the  south  of  Bridlington  bay  to  Spurn 
Head,  as  consisting  of  brown  clay,  and  containing  amber;  these 
particulars  seem  to  indicate  the  formations  of  either  London 
cJay,  or  Plastic  clay. 

Dr.  Alderson,  in  a  paper  on  the  geology  of  the  neighbour- 
hood of  Hull  and  Beverley,  published  in  the  third  volume  of 
Nicholson's  Philosophical  Journal,  considers  the  hills  of  Hoi* 
derness  as  alluvial  accumulations  heaped  upon  the  sub-marine 
forest  before  mentioned  :  which,  from  its  level  oh  both  sides, 
he  thinks  must  extend  beneath  them,  and  mentions  a  spot  on 
the  coast  (at  Seathorm  and  Withernsea)  where  that  forest  may 
now  be  traced  within  100  yards  of  the  cliff;  which,  from  its 
rapid  wasting  away  by  the  sea,  must  he  thinks  formerly  have 
covered  it ;  but  this  observation  seems  scarcely  strong  enough 
to  warrant  his  conclusion :  he  describes  the  district  as  com- 
posed partly  of  gravel,  partly  of  clay,  variously  mixed  with 
shells^  with  here  and  there  particles  of  culm  or  powdered  coaly 
a  description  much  resembling  that  of  the  Plastic  clay  strata. 
The  superficial  gravel,  however,  is  most  probably  an  alluvium 
resting  on  these  strata,  since  it  is  said  to  contain  fragments  of 
older  rocks,  apparently  brought  by  a  current  from  the  north. 

In  boring  beneath  the  marshes,  they  are  found  to  rest  on  a 
stratum  of  sand;  beneath  this  occurs  a  bed  of  clay,  which 
finally  reposes  on  the  chalk.  There  we  undoubtedly  have  the 
lower  members  of  the  Plastic  clay  formation — these  beds  are 
horizontal,  the  chalk  beneath  dips  slightly  to  the  east,  five 
yards  in  the  mile — the  springs  which  percolate  through  the 
chalk  rising,  on  penetrating  the  clay,  to  the  level  of  the  marshes. 
There  can  be  no  doubt  that  the  substrata  concealed  beneath 
the  marshes  along  the  adjoining  Coasts  of  Lincolnshire,  are  simi- 
lar to  the  above. 
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SYNOPTICAL  TABLE. 

Book  II. 
SUPERMIilDIAL  ORDER. 


Synonymes* — This  class  inclades  generally  all  the  secondary' 
formations  more  recent  than  the  great  Coal-deposit, '  and 
between  it  and  the  Tertiary  or  Newest  Floetz  class.  As  the 
first  Floetz  Limestone  of  Werner  corresponds  with  the  lowest 
calcareous  formation  of  this  order,  it  may  be  said  to  be  co- 
'  extensive  with  the  Floetz  class  of  his  school,  as  distingaished . 
from  the  Newest  Flcetz ;  but  some  Wernerians  include  the 
Coal-deposits  among  the  Floetz,  while  others  refer  them  to 
the  Transition  order. 


latroduction,  comprising  a  General  View  of  this  Order. 
Chapter  I.     Chalk. 

Section  I.  General  and  introductory  observations :  (a)  on  the. 
conuection  of  the  ChaUk.  and  more  recent  beds  ; 
{b)  OD  the  Foreign  localities  of  this  formation. 

Section  II.  Particular  account  of  (he  Chalk  formation  / 
a.  chemical  and  external  characters  ;  b.  mineral 
contents;  c.  organic  remains;  d,  range  and  ex-, 
tent ;  e.  elevation  ;  /.  thickness ;  g,  inclination  ; 
h.  agricultural  character ;  t.  phoenomena  of  water 
and  springs ;  k.  miscellaneous  remarks. 

Section  III.  Particular  view  of  the  Sections  of  this  formation  in 
the  cliffs  of  the  Southern  coast;  (a)  Isle  of 
Thanet,  (b)  near  Doiyer^  (c)  Sussex^  (rf)  Isle  qf 
Wighi^  {e)  Isle  ofPurbeck^  (/)  between  L^me 
and  Sidmouth;  (g)  Comparative  view  of  the 
opposite  French  coast. 

Chapter  II.     Beds  between  the  Chalk  and  Oolitic  series. 
Section  I.       General  and  Introductory ;  (a)  general  enumera- 
tion of  the   series  as  ascertained  in  England, 
(b)  Foreign  localities. 
Section  II.     Chalk  Marlcj  a  to  /:•  as  before. 
Section  III.  Green  Sand,  a  to  k.  as  before. 
Section  IV.    Weald  Clay^  a  to  )b.  as  before. 
Section  V.     Iron  Sand^  a  to  k.  as  before. 
Section  VI.l  Particular  account  of  the  distribation  of  tbeie 
Vll.        formations  in  the  several  districts  occupied  by 
VIIL  >►    them.    Sect.  6.  in  the  Weald  \  Sect.  7.  in  the 
&    I     Isle  of  Wighi;    Sect.  8.   Isle  of  Purbeck ; 
IX.  J     Sect.  9.  Midland  counties. 
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Chapter  IIL  Oolitic  series,  including  all  the  Strata 
between  the  Iron  Sand  and  Red  Marky  or  New  Red 
Sandstone. 

Section  h      General  Tiew ;  (a)  of  these  formations  in  England ; 


(b)  Foreign  localities. 
Section  II.     Upper  dwisum. 


a  to  At.  as 


Section  III.  Middle  division. 


Section  V. 
andVI 


'A 


Lower  dwision. 


1.  Purbeck  bedsy 

before. 
%.  Portland  OoUtey  a  to  k. 
3.  ^immeridge  Clayy  a  to  h. 
1.  Coral  Ragj  a  to  k. 
%  Oxford  Clayy  a  to  k. 

Sect.  V.  Upper  members'  of 
the  series  associated  with 
the  Great  OoUtey  including 
CornbrashyStone^ldslaiey 
Forest  Marbky  and  Greta 
OoUtCy  a  to  A:,  as  before. 

Sect.  yi.  Its  lower  members : 

FuUers'    Earthy    Inferior 

OoUtey  Sand  and   Mark* 

stone. 

Section  VII.  Lias  (forming  the  base  of  the  Oolitic  series) 

a  to  £.  as  before. 


Chapter  17. 


Formatiom  between 
Strata. 


the  Lias  and  Coal 


Section  I.  New  Red  Sandstone,  a  to  it.  as  before.  (An 
account  of  the  Conglomerates  and  Amygdaloid 
of  Devonshire  is  given  among  the  local  particn- 
lars  mider  the  head  range  and  extent.) 

Section  II.    Magnesum  Limestoney  a  to  k. 

Section  III.  ComparatiTe  view  of  analogous  Formations  in 
other  countries. 


•  Printed  V.  &  VL  by  misuke*  bang  IV.  &  V«;  tht  Im  cciQtcqa^% 
^uld  haye  be^  Section  VI. 
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Book  n.    SUPERMEDIAL  ORDER. 


Introduetion.  * 

IT  if  the  object  of  this  division  of  our  work,  to  comprise  ih« 
seireral  formations  which  intervene  in  ckscending,  from  thoi^ 
which  have  been  described  in  the  former  book^  to  the  coal 
measures. 

This  series  of  strata  comprises  several  distinct  groupes  well 
marked  from  each  other,  and  therefore  entitled  to  the  name 
of  separate  formations ;  but  since  many  general  relations  and 
analogies  pervade  the  whole, — since  they  are  naturally  linked 
together  and  appear  to  have  been  the  successive  products  of 
the  same  order  of  causes,  acting  gradually  indeed  and  accu« 
mulating  deposits  of  various  kinds  in  distinct  periods,  but  yet 
without  the  intervention  of  any  violent  and  abrupt  change,-^it 
has  been  judged  expedient  to  include  them  all  under  one  titU 
in  our  more  general  classes,  in  order  to  avoid  the  needless 
multiplicition  of  these  greater  divisions,  the  principal  use  of 
which  consists  in  the  assistance  they  afford  to  the  memory  of 
the  student.  To  this  class  we  have  assigned  the  name  Super* 
medial,  from  the  position  it  occupies  immediately  above  the 
Coal  series,  which  forms  the  middle  order  in  our  arrangement. 
The  formations  which  compose  it,  have  been  included  by  other 
authors  under  the  term  Secondary  or  Floetz  rocks;  but  since 
both  these  names  have  been  made  to  comprise  also  the  series 
of  rocks  constituting  the  coal  districts,  which  (as  forming  a 
leading  and  strongly  marked  natural  division,  and  belonging 
evidently  to  a  very  different  order  of  things)  clearly  demand 
a  separate  classification,  it  became  necessary  to  adopt  a  new 
and  distinctive  denomination.  And  it  may  be  further  observed, 
that  of  the  old  appellations,  that  of  secondary  is  objectionable, 
because  it  stands  properly  distinguished  from  primitive  rocks 
only,  and  never  ought  to  have  been  retained  after  the  Wemeriaa 
interpolation  of  the  transition  class ;  since,  strictly  speaking,  the 
rocks  of  that  class  are  themselves  universally  of  secondary 
formation.  The  appellation  floetz,  or  horizontal,  is  still  worse, 
because  it  conveys  a  descriptive  idea  which  is  only  partiaHy  in 
accordance  with  the  facts  of  the  case,  being  founded  on  cir- 
ftumstances  falsely  assumed  to  be  universal  or  even  general; 
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for  although  in  England  and  other  low  countries  these  for- 
mations are  usually  found  with  an  horizontal  stratification,  yet 
in  the  borders  of  the  Alps,  in  the  Java  chain,  and  generally  in 
the  vicinity  of  all  very  lofty  mountain  tracts,  they  are  as  usually 
found  in  elevated  and  contorted  strata,—  an,  importaiit  fact, 
which,  as  we  shall  hereafter  have  occasion  to  see,  throvFS  great 
light  on  the  questions  which  have  been  agitated  concerning 
the  causes  of  such  phoenomena  and  the  elevation  of  mountain 
chains. 

The  general  class  thus  formed,  admits  of  four  principal  divi- 
sions ;  and  all  of  these,  excepting  the  first,  may  be  further  sub- 
divided into  smaller  aggregates  of  similar  strata,  each  of  which 
aggregates  has  usually  been  considered  as  entitled  to  the  ranl^ 
of  a  distinct  formation.  The  following  list  gives  a  general  view 
of  these  four  divisions  and  their  subdivisions,  beginning  with 
the  highest,  and  will  sufi&ciently  explain  these  remarks. 

A.  The  Chalk  formation.     This  requires  no  observation. 

B.  The  series  of  ferruginous  sands  ;  the  upper  containing 
interspersed  green  particles,  the  lower  of  a  rusty  browa 
colour,  divided  by  an  intermediate  bed  of  clay. 

C.  The  series  of  oolites,  consisting  of  three  aggregates  of 
coarse  shelly  limestones,  often  oolitic  in  their  texture,  alter- 
nating with  argillaceous  deposits  often  containing  beds  of 
argillaceous  limestone;  the  lias  clay  and  lias,  on  which  the 
whole  of  this  reposes,  may  be  considered  as  one  of  these 
deposits. 

Before  proceeding  to  the  fourth  division,  we  would  pause  to 
introduce  a  few  remarks  illustrative  of  the  connexion  and 
general  relations  of  the  three  preceding. 

They  all  contain  marine  organic  remains,  which  have  a  gene- 
ral similarity  of  character,  and  are  in  the  same  state  :  they  arc 
not  simply  preserved,  as  were  those  in  the  superior  formations, 
but,  strictly  speaking,  lapidified  ;  being  always  (unless  where 
the  shell  has  perished  and  left  a  cast  only,)  penetrated  with 
the  stony  matter  of  their  envelope ;  often,  however,  in  a  finer 
form,  so  as  to  admit  a  crystalline  arrangement  of  its  particles. 
In  these  beds,  not  only  the  great  majority  of  species  are  dif- 
ferent from  those  now  known  to  exist,  but  a  very  large  pro- 
portion of  the  genera  are  in  the  same  predicament.  Although 
each  of  these  series,  and  indeed  almost  every  member  of  each 
series,  contains  many  species  of  organic  remains  peculiar  to 
itself,  which  constantly  accompany  its  course  throughout  this 
island  at  least,  and  form  (to  use  the  lowest  term)  a  good 
Empirical  <;haracter  by  which  it  may  be  distinguished ;  yet 
sevenU  of  the  tpeQies,  and  a  majority  pf  the  genera,  are  common 
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to  fhe  whoI«  suite  :  but  if  we  compare  this  suite,  either  with 
the  more  recent  shelly  beds  above  the  chalk,  or  the  older 
associated  with  the  coal  transition  series,  a  marked  and  striking 
difference  is  instantly  perceived,  and  the  common  genera  will 
be  found  to  bear  a  comparatively  small  proportion. 

The  natural  connexions  of  these  series  may  be  further  illus^ 
trated  by  the  gradual  transition  of  the  one  into  the  other,  often 
observable  near  the  point  of  junction  ;  thus  the  lower  beds  of 
the  chalk  often  become  charged  with  sand  and  interspersed 
with  green  particles,  and  thus  pass  into  the  green  sand  of  the 
second  series;  this  sand  is  often  associated  with  calcareous 
beds  nearly  approximating  in  character  to- some  of  those  in  the 
oolitic  or  third  series ;  and  the  clays  which  subdivide  this 
series,  are  generally  only  to  be  distinguished  by  the  specific 
differences  of  their  organic  remains. 

Having  thus  stated  the  analogies  which  connect  the  abov6 
members  of  our  supermedial  class,  it  remains  to  notice  the 
fourth  and  lowest  series  of  beds  which  we  have  comprised  ia 
it ;  although  this  is  distinguished  from  the  preceding  by  many 
peculiar  circumstances,  it  will  yet  be  seen  that  there  are  suf- 
^cient  grounds  for  including  it  in  the  same  general  divisior^ 

D.  This  consists  of  the  series  of  the  new  red  sandstone 
and  magnesian  limestone.  The  sandstone  is  characterised 
by  the  deposits  of  gypsum  and  rock  salt  contained  in  its 
upper  marly  beds,  and  by  the  conglomerates  abounding  in 
its  lower  beds.  It  is  entirely  destitute  of  organic  remains, 
and  is  thus  strongly  distinguished  from  the  preceding  for- 
mations ;  but  the  magnesian  limestone  beds  which  form  the 
,  lowest  strata  of  this  series,  again  present  these  remains,  and 
the  genera  are  more  nearly  allied  to  those  contained  in  the 
oolites  than  those  of  the  older  formations.  This  circumstance^ 
taken  together  with  the  general  conformity  of  stratification 
in  this  and  the  preceding  series,  and  the  appearances  of  a 
gradual  transition  which  may  be  observed  between  the  low- 
est marles  of  the  lias  formation,  and  the  upper  marles  of  this 
series  at  their  junction,  render  it  more  advisable  to  class 
them  together,  than  to  constitute  a  separate  class  for  the 
reception  of  this  series  only,  which  would  otherwise  be 
necessary. 

A  comparative  view  of  the  distribution  of  the  several  mem- 
bers of  this  class  in  England  and  other  countries,  will  be  found 
in  the  introductory  sections  of  the  chapters  in  which  •ach  of 
ihem  is  separately  considered. 
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CHAPTER  L 
tltE  CHALK  FORMATION. 

Section  I. 

(o)  Cfenfral  and  introductory  observations  0n  the  connexion 
iqf  the  Chcdk  with  the  more  recent  beds,  'i'his  rock,  which 
forms  one  of  the  most  remarkable  features  among  the  deposit^ 
of  England,  both  on  account  of  its  extent  and  its  perfectly 
distinctive  characters,  follows  immediately  beneath  the  strata 
described  in  the  preceding  chapter.  In  general,  an  interval 
Heems  to  have  taken  place  between  the  completion  of  this  for- 
mation, and  the  deposition  of  those  which  repose  upon  it ;  and 
the  surface  of  the  chalk,  at  the  line  of  junction,  usually  beai^ 
marks  of  having  undergone,  during  that  period,  a  partial 
destruction  subsequently  to  its  consolidation  ;  a  bed  of  debris 
being  spread  over  it,  consisting  chiefly  of  flints  washed  out  of 
its  mass,  and  the  surface  being  irregularly  worn  into  frequent 
cavities,  many  of  them  of  considerable  depth,  filled  with 
similar  debris.*     On  this  debris  rests  the  Plastic  clay,  or  the 

♦  The  chalk  of  the  numerous  quarries,  and  where  the  roads  are  cut 
through  it,  along  the  south  side  of  the  Thames,  as  at  Rochester,  Gravesend, 
North  Fleet,  Greenhithe,  /kc.  is  remarkable  at  its  junction  with  the  sand 
and  gravel  ^of  the  Plastic  clay  formation]  for  the  deep  indentations  on  its 
surface,  which  upon  examination  are  ascertained  to  be  sections  of  long^ 
furrows  and  of  cavities,  that  were  apparently  occasioned  by  the  power- 
fill  action  of  water  on  the  surface  of  the  chalk,  prior  to  the  deposition  of 
the  superior  strata.    (G.  T.  vol.  ii.  p.  176.) 

The  enormous  quantity  of  completely  rolled  and  rounded  chalk-flint 
pebbles  that  occur  in  the  Plastic  clay  formation  on  the  south  of  London, 
corroborate  the  arguments  adducea  by  M.  M.  Cuvier  and  Brongniart, 
from  the  irregular  projeetions  and  furrowed  surface  of  the  French  chalk, 
and  from  the  fragments  of  chalk  forming  a  brecchia  with  the  Plastic  clay 
at  Meudon,  to  prove  the  consolidation  of  the  chalk  to  have  been  completed 
before  that  partial  destruction  of  its  upper  strata  by  the  force  of  water^  to 
which  they  justly  attribute  these  furrows  and  the  Meudon  brecchia.  These 
English  beds  of  chalk-flint  pebbles  (the  wreck  of  strata  thus  destroyed)  af* 
ford  additional  evidence  of  the  immense  scale  on  which  this  aqueous  de- 
struction was  carried  on,  and  confirm  also  the  conjecture  (which  by  tbeili 
is  chiefly  grounded  on  the  total  <Uflerence  of  the  organic  remains  in  the 
two  formations),  that  a  long  period  of  time  has  probably  intervened  be- 
tween the  deposition  of  the  chalk  and  the  plastic  day.  (G.  T«  vol.  iV. 
p.  801.) 
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«dL<«ok>iired  sand  formerly  described:  here,  therefore,  th« 
4rauilion  from  the  chalk  to  the  more  recent  formations  appears 
toi  have  been  abrupt,  not  gradual ;  in  a  few  instances  however 
a  bed  of  intermediate  character,  a  cretaceous  marie  *  is  in* 
terposed  at  the  junction,  which  may  seem  to  countenance  thi» 
idea,' — that  where  the  series  of  deposits  was  permitted,  from 
the  circumstances  under  which  they  were  formed,  to  proceed 
quietly,  such  a  gradation  may  have  taken  plsice,  f    (C.) 

The  result  of  these  repeated  destructions  of  the  chalk,  has  probably  re- 
duced the  extent  actually  occupied  by  this  formation  to  much  narrower 
limits  than  ihose  which  it  formerly  possessed.  On  the  north  of  Korthamp^ 
tonsbire,  and  borders  of  Rutland  and  Leicestershire,  and  in  the  vsde  of 
3hi*pston  in  Warwickshire,  extensive  accumulations  of  chalk  flints,  mixed 
with  rounded  fragments  of  hard  chalk,  occur  in  such  quantities  as  almost 
to  warrant  the  inference  that  this  formation  once  existed  in  situ  on  thes« 
ipdts,  now  nearly  50  miles  from  its  nearest  point.  In  the  fields  on  the 
south  of  Sywell  in  Northamptonshire,  the  fragments  of  chalk  are  so  abv^o^ 
dant  as  to  eive  the  appearance  of  a  regular  substratum  of  that  substance^ 
turned  up  by  the  plough.  In  the  Philosophical  Transactions  for  1 791 ,  if 
an  account  <m  a  chalk  ))it  found  at  Redlington  in  Rutland ;  which,  if  cor* 
^ecty  must  be  coasidet ed  as  a  relic  of  this  destroyed  tract.  The  account  i* 
yery  precise,  indicates  a  sufficient  knowledge  of  the  general  nature  an^ 
k>calities  of  the  formation,  and  is  such  as  to  render  the  testimony  yery 
respectable;  but  the  point  is  so  important  that  further  inquiries  are  desirar 
ble.  The  chalk  is  described  as  regularly  interstratified  with  flints ;  and  the 
iurroundin^  district  being  entirely  occupied  by  the  ferruKinoua  sands  of  the 
inferior  oohte,  it  is  not  eas^  to  conceive  that  it  could  have  afforded  aiif 
rock  which  could  have  b|^en  mistaken  for  chalk.  Another  detached  patcR 
of  chalk  is  said,  in  the  same  place,  to  exist  near  Stukely  in  Huntingdonshire 
On  the  banks  of  the  Turnpike  road,  but  no  particulars  are  given,  and  here 
%9ft  varieties  oC  other  calcareous  beds  might  be  confounded  with  thia  sub* 
ftance.    (C.) 

*  A  chalk-  marie  without  flints,  is  the  stratum  which  in  Alum  Bay  in  the 
Me  of  Wight,  lies  immediately  next  on  the  flinty  chalk.  It  pulverizes  with 
the  frost,  and  as  the  rains  have  washed  it  down,  its  situation  is  marked  by 
i|  deep  hollow.  (G.  T.  vol.  iL  p.  178.)  There  appears  also  to  be  indica^ 
tions  of  its  existence  in  the  same  position  in  oth^r  parts  of  the  chalk  basii^ 
of  the  Isle  of  Wight  (hereafter  to  be  described) ;  for  in  many  parts  of 
Sussex,  south  of  the  South  Downs,  as  at  Emsworth,  Lavant,  Siddlesham, 
South  and  North  Bersted,  Middleton,  &c.  there  are  pits  of  a  marie  without 
^nts,  which  is  evidently  over  the  chalk:  the  same  marie  has  also  beeA 
found  in  Dorsetshire  on  the  west  of  Corfe  castle ;  but  it  has  not  been  dis- 
covered upon  it  in  the  London  basin.    (G.T.  voLii.  p.  178.) 

-t  On  the  Continent,  the  calcareous  beds  which  repose  on  the  chalk  a| 
Ik^estricht,  though  they  cannot  properly  be  classed  as  a  portion  of  the 
chalk  formation  (an  attempt  which  has  been  made  by  some  foreign  writers, 
and  can  only  tend  to  confusion),  yet  they  certainly  approach  much  more 
dearly  to  it  than  any  other  of  the  superior  formations,  and  their  organic 
remamt  seem  to  isKScate  a  greater  antiquity  than  belongs  to  any  of  the 
Mpper  ki^  m  England.    (C). 


Digitized  by 


Google 


64  Book  II.    Chap.  I.    Chaik  FpftniOwtu 

.  (b)  On  the  foreign  localUies  of  tkis  formation.*  The  ZoAe 
of  chalk  which  sweeps  across  our  eastern  and  southern  counties 
from  Yorkshire  to  Dorsetshire  (as  will  be  more  particnlarljr 
described  under  the  proper  head) ,  must  be  considered  only  a» 
a  part  of  the  western  edge  of  a  most  extensive  tract  of  this  for- 
mation ;  which,  stretching  from  the  Thames  to  the  Don,  occu- 
pies the  interior  of  what  may  be  termed  the  great  central 
basin  of  Europe ;  understanding  by  that  denomination,  the 
lower  countries  bounded  by  the  following  primitive  and  tran- 
sition mountains  and  districts.  On  the  north,  the  primitive 
districts  of  Russian  Finland,  Sweden,  Norway,  and  Scotland  i 
on  the  west,  the  transition  and  primitive  chains  of  Cumberland, 
Wales,  Devonshire,  and  Brittany ;  on  the  south,  the  primitive 
mountains  branching  from  the  Cevennes  in  the  centre  of 
France,  the  Alps,  with  the  various  insulated  ancient  groupes 
of  Germany,  &c.  as  the  Black  forest,  the  Rhingau  and  the 
Yosges,  the  Bohemian,  Thuringian,  Saxon,  Silesian,  and  Car- 

fathian  mountains;  on  the  east,  the  Ural  and  its  branches, 
t  is  not  to  be  understood  that  the  chalk  immediately  reposes 
€11  these  mountains,  (for  an  interval  of  greater  or  less  breadth^ 
hx  which  the  intermediate  formations  make  their  appearance^ 
always  occurs),  but  that  within  the  area  so  circumscribed,  an 
interior  area  may  be  traced,  throughout  which  there  is  every 
veason  to  believe  the  substratum  of  chalk  extends.  We  pro«^ 
ceed  to  trace  it. 

It  may  be  observed  through  the  northern  coasts  of  France,f 
occupying  an  extent  exactly  corresponding  to  its  line  on  the 
southern  coast  of  England  (as  will  be  more  particularly  shewn 
!a  the  course  of  this  chapter).  At  the  north  of  the  Seine,  its 
outer  edge  (which  reposes  on  green  sand,  having  oolite  and 
lias  in  the  neighbourhood)  turns  south,  and  so  continues  to 
Blois,  where  the  formations  above  the  chalk  overlie  and  con- 
ceal its  southern  extremity :  it  reappears  at  Montargis,  and 
tumiDg  again  north  (for  the  whole  chalk  district  of  France 
forms  a  sort  of  Cape  protruding  to  the  south  of  its  general  line), 
Tuns  east  of  Troyes,  Rheims,  and  Valenciennes,  having  the 
green  sand,  oolites,  and  lias  on  its  east,  till  it  approaches  the 
latter  town,  where  most  of  these  formations  are  wanting  (an 
instance  of  want  of  conformity  in  their  direction),  and  the  chalk, 
with  a  few  beds  of  green  sand,  there  called  Turtia^  rest  hori- 
sontally  on  the  truncated  edges  of  the  coal-formation,  whicli 
eiktends  thence  along  the  banks  of  the  Meuse  to  Liege  and 

^  By  the  Rev.  W.  D.  Conybeare,  F.R.S.  &c. 
-^  A  general  account  of  these  formations  has  been  given  by  OmaKm 
d'Halioy:  a  translation  of  his  memoir  is  printed  in  ThoQHon's  Aooals :  tomt 
partacvlars  art  addtd  from  private  ipurcet. 
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Alt :  the  coal  is  here  even  worked  beneath  the  chalk.  North 
•f  YalencienneS)  the  edge  of  the  chalk  appears  to  trend  to  tk« 
east^  biit  it  is  generally  overlaid  bj  the  sandjr  superstrata 
through  the  Netherlands;  it  may  however  be  seen  on  the 
south  of  Maestricht,  and  at  Henri  Chapelle  near  Aix.  From 
hence,  it  ntay  be  considered  as  ranging  beneath  the  sandy  and 
diluvial  tracts  of  North  Germany,  towards  Berlin ;  the  whole 
of  this  district  is  well  known  to  present  the  appearance  of  an 
uniform  and  vast  sandy  heath,  covered  with  a  deep  accumtt* 
lation  of  diluvial  gravel,  in  the  midst  of  which  occur  enormoui 
rounded  blocks  of  granite,  for  which  a  source  cannot  be  found 
nearer  than  the  opposite  shores  of  the  Baltic^ — thus  exhibiting 
one  of  the  most  striking  problems  submitted  to  the  investigation 
of  geology.  The  great  mass  of  this  gravel,  however,  consists 
of  chalk  flints,  well  marked  and  bearing  traces  of  all  the  cha- 
racteristic fossils :  at  least  nine-tenths  of  the  whote  consist 
of  these ;  a  sign  that  the  parent  formation  can  be  at  no  great 
distance.  In  such  a  tract,  a  rock  in  situ  is  like  an  oasis  in  the 
desert ;  at  Luneburg  however  the  fortifications  are  partly  con- 
structed on  a  rock  of  gypsum,  and  about  a  quarter  of  a  mile 
hence,  on  the  left  of  the  road  to  Hamburg,  the  writer  of  this 
article  was  gratified  by  detecting  a  chalk-pit  which  had  escaped 
the  attention  of  former  observers  :  it  contains  the  usual  alter- 
nation of  flints,  and  affords  good  specimens  of  the  inoceramus, 
echinites,  and  most  of  the  characteristic  fossils.  On  entering 
Poland,  the  chalk  throws  off  the  mantle  which  has  for  a  time 
concealed  it,  and  reappears  in  a  line  of  hills  running  nearly 
parallel  to  the  Carpathians ;  it  is  finely  exhibited  at  Cracow : 
it  contains  abundant  flints,  affords  the  usual  organic  remains, 
and  rests  on  green  sand :  it  was  here  examined  by  Professor 
Buckland.  Hence,  passing  by  Lemberg,  it  appears  to  extend 
into  Russia.  Hills  of  chalk  were  noticed  by  Dr.  Clarke  at 
Kasankaiya  on  the  Don,  and  the  town  of  Bielogorod,  signifying 
the  white  city,  is  said  to  take  it&  name  from  white  hills  of  the 
same  substance  in  its  neighbourhood.  Engeihardt  observed 
chalk,  containing  its  usual  flints  and  fossils,  even  in  the  Crimea. 
No  particulars  can  be  gathered  of  the  eastern  or  north« 
eastern  boundaries  of  this  formation.  We  may  conjecture 
however  that  they  pass  by  the  Valday  hills  to  the  mouths  of 
the  Vistula ;  thence,  the  northern  border  must  run  eastward 
through  the  Baltic  to  the  island  of  Rugen,  where  chalky  cliffs 
present  themselves  on  its  northern  coast,  being  found  also  on 
the  neighbouring  continent,  in  Pomerania  and  Mecklenburg. 
Hence  the  line  appears  to  pass  to  the  south  of  Sweden,  where 
a  small  chalk  tract  occurs  near  Malmo,  crossing  to  the  opposite 
•oast  oC  Zealand,  md  includrag  the  snail  isle  of  Mona  on  the 
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south.  .  Some  account  of  those  localities  may  be  found  in  Ih 
Luc's  travels. 

From  Mona,  the  line  of  the  chalk  has  not  been  traced  :  it 
probably  traverses  Holstein,  (where  it  is  said  to  occur,  pro« 
bably  near  the  gypsum  of  Kiel)  to  the  mouth  of  the  Elbe,  and 
thence  crosses  the  German  ocean  to  Flamborough  head  in 
Yorkshire ;  thus  completing  the  circuit  in  which  we  have  en* 
deavoured  to  follow  it. 

Throughout  this  extensive  tract,  the  chalk  appears  to  pre- 
serve  a  remarkable  uniformity  of  character,  affording  a  satis- 
factory instance  of  the  vast  areas  over  which  geological  causes 
have  operated  in  the  formation  of  continuous  deposits  of  a 
similar,  or  rather  identical,  nature.  The  great  majority,  (per- 
haps eight-tenths)  of  the  organic  remains  also,  which  occur  in 
this  rock,  are  common*  to  all  the  localilies  in  which  it  has 
been  particularly  observed  ;  viz.  England,  France,  the  Nether- 
lands, Germany  and  Poland :  indeed  we  have  never  seen  a 
fossil  from  any  foreign  chalk-pit,  to  which  an  analogue  might 
not  be  produced  from  those  of  this  island.  These  facts  are 
interesting,  as  shewing  that  the  comparison  of  formations  in 
very  distant  tracts,  rests  on  firm  and  satisfactory  grounds,  and 
as  illustrating  the  importance  of  organic  remains  in  establishing 
that  comparison.  Still  it  should  be  remembered,  that  the  tract 
to  which  the  above  observations  refer,  extensive  as  it  is,  is  yet 
but  a  small  portion  of  the  whole  surface  of  the  globe,  is  limited 
to  a  single  basin,  and  lies  under  nearly  a  similar  climate 
throughout.  The  progress  of  the  science  may  be  alike  impeded 
by  too  hastily  extending  our  generalisations  beyond  the  boun- 
daries strictly  warranted  by  our  induction,  and  by  too  scep- 
tically rejecting  the  conclusions  so  warranted,  merely  because 
they  are  general. 

Beyond  the  limits  of  the  great  cretaceous  area  already  de- 
•cribed,  local  tracts  of  chalk  occur  in  the  following  places. 

In  Ireland,  a  remarkable  deposit  of  chalk  forms  the  basis  of 
the  great  basaltic  area  in  the  north-east  angle  of  that  island ; 
it  contains  ^ints ;  the  organic  remains  agree  with  those  of  Eng- 
land ;  the  thickness  of  the  whole  deposit  does  not  exceed 
between  200  and  300  feet ;  it  rests  on  green  sand. 

In  Italy,  the  Scaglia^  which  covers  the  extreme  secondary 
chains  of  the  Alps  in  the  Veronese,  may  perhaps  be  a  variety 

♦  Mr.  Schlottheim,  a  German  writer  on  the  geological  distribution  of 
organic  remains,  has  a  remark  which  appears  to  contradict  this  opinion ; 
but  this  arses  from  his  considering  the  limestone  beds  above  the  chalk,  in 
St.  Peter's  hill,  Maestricht,  which  cont»xi  many  peculier  fossils,  at  a  part 
of  the  chalk  formation. 
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of  ohalk :  it  is  described*  as  a  calcareous  bed,  containing  nodn- 
ief  and  beds  of  variously  coloured  flints,  resting  on  the  oolites 
And  white  limestones,  and  dipping  under  the  tertiarj  hi  lit 
(i.  e.  those  consisting  of  the  formations  more  recent  than  the 
chalk)  ;  it  re-appears  against  the  volcanic  groupe  of  the  Euga- 
nean  hills  near  the  mouth  of  the  Po,  which  appear  to  have 
forced  it  upwards. 

In  Spain,  chalk  is  said  to  occur  near  Cervera,  on  the  road 
from  Barcelona  to  Lerida ;  gypsum  abounds  in  the  same  neigh- 
bourhood, and  at  Pleacente  two  miles  from  Valencia,  but  th« 
descriptions  are  too  vague  to  be  relied  on ;  the  gypsum  men- 
tioned seems  to  be  rather  that  of  the  red  sandstone,  than  of 
the  formation  above  the  chalk,  and  possibly  a  cretaceous  marie 
may  have  been  mistaken  for  the  latter  rock. 

We  have  no  precise  information  of  the  existence  of  chalk 
beyond  the  limits  of  Europe.  It  may  be  mentioned,  however, 
that  the  maps  accompanying  Rennell's  memoir  on  the  retreat 
of  the  ten  thousand,  mark  a  chalky  tract  as  existing  on  the 
south  bank  of  the  Euphrates,  somewhat  above  the  well  known 
bitumen  spring  of  Hit,  and  opposite  the  whole  range  of  hills  in 
that  quarter  which  are  denominated '  White';  in  corroboration  of 
this  locality.  Professor  Buckland  saw  at  Sir  Joseph  Bankes's  an 
amulet,  found  among  the  ruins  of  Babylon,  evidently  cut  from 
a  chalk-flint. 

This  rock  is  also  said  to  have  been  observed  in  China,  20 
miles  north  of  Pekin,  by  Sir  George  Staunton  (vol.  ii.  p.  173)^ 
but  the  description  is  too  vague  to  be  relied  on. 

Chalk  has  not  been  found  in  any  part  either  of  North  or 
South  America  yet  explored,  and  Mr.  Maclure  positively 
asserts  that  it  does  not  exist  on  that  contineijit* 


Section  II. 

Particular  account  of  this  formation. 

(a)  Chemical  and  external  characters.  The  nature  and 
qualities  of  Chalk,  generally  speaking,  are  too  well  known  to 
need  description,  but  some  varieties  of  it  are  found  which  may 
render  it  requisite.  The  purest  and  best  chalk,  commonly  se- 
lected for  economical  purposes,  is  nearly  of  a  pure  white ;  it 
)uui  mn  earthy  fracture^  is  meagre  to  the  touch,  and  adheres  to 

*  See  Ferbcr*f  Travels  in  Italy,  Letter  V. 
I2 
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the  tongue  and  even  to  the  fingers:  it  is  dull,  opake,  soft^ 
light  (its  specific  gravity  being  only  2.3),  and  it  always  occurs 
massive.  A  specimen  analysed  by  Bucholz,  yielded  lime  56.5, 
carbonic  acid  43,  water  0.5.  Magnesia  has  been  detected  in 
^me  of  the  French  chalk,  and  may  perhaps  occasiooally  occur 
in  that  of  England.  Such  are  its  mineralogical  characters,  and 
in  its  purest  state  it  may  be  considered  only  as  a  carbonate  of 
lime,  liable,  from  the  slight  cohesion  of  its  particles,  to  absorb 
a  small  quantity  of  moisture.  Sometimes  however  it  has  been 
found  to  contain  a  very  small  proportion  of  alumine,  but  it  fre- 
quently involves  a  considerable  portion  of  sand,  of  which  it  may 
be  freed  by  pounding  and  washing.  The  less  pure  varieties  are 
yellowish  and  even  yellow,  and  are  sometimes  so  hard  as  to 
return  a  ringing  sound  to  a  blow  from  the  hammer,  as  will  be 
perceived  in  the  subsequent  account  of  some  of  the  beds  near 
Dover.  Occasionally  some  of  the  lower  beds  of  this  formation 
are  of  a  reddish  or  red  colour,  probably  derived  from  the  pre-* 
sence  of  a  small  quantitiy  of  iron,  as  in  Lincolnshire,  and  at  its 
northern  termination  in  Yorkshire.     (P.) 

The  specks  of  green  earth  more  commonly  found  in  the 
lower  than  in  the  upper  beds,  are  probably  derived,  like  the 
red  variety,  from  the  presence  of  iron  in  different  states  of 
oxidation.  The  lower  beds  of  the  chalk  occasionally  increase 
in  hardness  ^  until  they  afford  a  tolerably  compact  limestone  ; 
sometimes,  however,  these  harder  beds  alternate,  even  near  the 
bottom  of  the  series.     C.) 

Pliny  describes  this  substance  under  the  title  ^  Creta  argen- 
taria,'  and  adds,  ^  petitur  ex  alto  in  centenas  pedes  actis  pie- 
rumque  puteis,  ore  angustatis  intus,  ut  in  metallis  spatiante  vena« 
Hac  maxlme  Britannia  utitur.'  This  very  method  is  used  in 
Hertfordshire,  and  other  parts  of  the  kingdom  at  present.  The 
farmer  sinks  a  pit,  and,  in  the  terms  of  the  miner,  drives  out 
on  all  sides,  leaTing  a  sufficient  roof,  and  draws  up  the  chalk  in 
buckets  through  a  narrow  mouth.  Pliny  informs  us  in  his  re- 
marks on  the  British  marles,  that  they  will  last  80  years,  and 
that  there  is  not  an  example  of  any  person  being  obliged  to 
marie  the  same  land  twice  in  his  life.  An  experienced  farmer, 
whom  Mr.  Pennant  met  with  in  Hertfordshire,  assured  him 
that  he  had  about  30  years  before  made  use  of  this  manure  on 
a  field  of  his,  and  that  were  he  to  live  the  period  mentioned 
by  the  Roman  naturalist,  he  should  have  no  occasion  to  repeat 
it.     Pennant's  Chester,  p,  303— (G.  Notes.) 

According  to  Smeaton,  chalk,  when  well  burnt,  will  make 
Ii8  good  lime  as  the  hardest  marble.  The  harder  kinds  are  used 
in  buUdipgj  as  in  the  hU  of  Wight,  (G,  Notes.)    Thatt  of  tho 
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cliff  on  the  east  of  Dover  is  blasted,  squared,  and  used  for  tke 
purposes  of  the  harbour,  and  in  the  construction  of  a  dock,  es* 
peciaiiy  such  parts  of  it  as  are  mostly  under  water. 

The  abbey  of  Hurley  iu  Berkshire,  and  its  parish  church, 
anciently  a  chapel,  are  said  to  be  constructed  of  chalk,  and  the 
remains  of  these  are  still  as  fresh  and  sound  as  if  they  had  been 
the  work  of  the  last  cetitury.  The  inuUions  and  archeS'  of  St, 
Catharine's  chapel  near  Guildford,  are  of  chalk  that  contaia 
flints.  (G.  Notes.)  The  abbey  at  St.  Omar's,  ruined  durin|; 
the  revolution,  is  entirely  constructed  with  chalk,  and  retains 
all  its  beautiful  gothic  ornaments  in  great  perfection.    (C.) 

Chalk  occasionally  contains  subordinate  beds  of  other  sub- 
stances ;  as  of  soft  and  indurated  chalk-marle,  which  occur 
near  Dover,  and  of  fuller's  earth,  (G.  Notes),  which  is  found 
in  the  north  of  England,  at  Claxby  in  Lincolnshire,  and  in 
Sussex.  Mr.  Webster  has  noticed  thin  parting  seams  of  clay 
between  the  strata  of  chalk  in  some  of  the  pits  in  the  Isle  of 
Wight. 

The  upper  chalk  appears  in  most  places  in  England,  wherever 
occasional  openings  have  been  made  in  the  very  large  tract 
occupied  by  it,  notwithstanding  the  extensive  ruin  which  its 
beds  must  have  suffered  at  remote  periods,  of  which  we  find 
manifest  proofs  in  the  valleys  by  which  the  chalk  is  intersected, 
and  especially  in  the  immense  deposits  of  rounded  flint  gravel 
in  the  eastern  and  south-eastern  parts  of  England. 

The  inferior  beds*  may  be  traced  along  the  lower  regions  of 
the  escarpment  presented  by  the  hills  of  this  formation,  in  the 
cliffs  on  the  coast  near  the  junction  with  the  older  formations, 
and  in  a  few  other  places  where  exposed  by  denudation ;  but 
such  beds  must  be  considered  rather  as  anomalies  of  local  and 
partial  occurrence,  than  as  belonging  to  the  general  character 
of  the  formation. 

This  formation,  being  composed  throughout  of  a  series  of 
homogeneous  beds  of  a  tender  earthy  limestone,  does  not  admit 
of  those  subdivisions  which  many  others  require. 

The  occurrence,  however,  of  those  numerous  layers  of  nodular 
flints  which  alternate  through  the  greater  part  of  its  mass,  con- 
stitutes one  of  its  most  remarkable  and  essential  features;  being 
constantly  present  in  all  the  upper  beds  of  the  formation,  which 
may  thus  be  in  most  instances  readily  distinguished  from  the 
lower  in  which  the  flints  are  rare,  and  most  usually  entirely 
wanting;  hence  the  well  known  division  into  the  upper  and 
tower  chalk, 

*  The  crnuiug  part  of  this  article  is  by  the  Rjpr,  W.  D.  Conybeare,  F.R.S. 
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The  ehalk  even  yet  often  contains  a  mixture  of  silex ;  at  the 
period  of  its  formation,  a  considerable  quantity  appears  to  have 
been  precipitated  with  it,  in  a  state  of  such  minute  division  at 
to  allow  the  chemical  attraction  of  its  molecules  to  have  effect ; 
these  (from  the  same  causes  which  produced  the  formation  of 
layers  of  calcareous  concretions  in  beds  of  clay)  separating  from 
the  cretaceous  pulp,  and  uniting  together,  particularly  where  the 
presence  of  any  imbedded  organic  remains,  (e.  g.  aloy<»iium^ 
sponge,  or  shell)  offered  a  nucleus  for  them  to  form  upon,  con» 
stituted  the  layers  of  nodular  siliceous  concretions  in  question. 

Such  appears  the  most  probable  origin  of  these  appearances ; 
it  may  be  noticed  in  confirmation,  that  the  extraordinary  figures 
JO  often  assumed  by  these  nodules,  will  on  examination  be  found 
to  arise  from  their  having  been  formed  on  some  variety  of  spong« 
or  alcyonium  as  a  nucleus  :  the  manner  in  which  the  siliceous 
matter  has  penetrated  the  most  minute  pores  of  the  organic 
substances  enveloped  in  it,  is  truly  admirable* 

These  flinty  nodules  occur  in  strata  alternating  conformably 
with  those  of  the  chalk. 

Frequently  also,  but  less  commonly,  the  flinty  strata  consist 
of  tabular  masses  of  that  substance. 

•  Veins  of  flint,  traversing  the  regular  strata  at  various  angles, 
though  more  rare,  may  still  be  observed  almost  wherever  any 
extensive  range  of  chalk  cliffs  is  explored  ;  e.  g.  in  the  Isle  of 
Thanet,  the  neighbourhood  of  Brighton,  and  the  Isle  of  Wight; 
the  flint  filling  such  veins  is  usually  tabular. 

It  is  unnecessary  to  give  a  formal  description  of  the  external 
characters  of  a  substance  in  every  one^s  hand.  The  specific 
gravity  of  flint  is  stated  at  9.594:  it  consists  according  to 
Klaproth  of  98  parts  of  silex,  0.5  of  lime,  0.25  alumine,  0^25 
oxide  of  iron,  and  1  of  water.  It  is  infusible,  but  whitens,  and 
becomes  opake  ;  besides  the  water  chemically  combined,  it  ap^ 
pears  to  contain  some,  mechanically  distributed  through  itspores, 
as  its  recent  fracture,  when  freshly  taken  from  its  native  bed, 
always  exhibits  an  appearance  of  moisture. 

The  flints  which  have  been  washed  out  from  the  chalk  at  a 
remote  period,  occur  in  the  various  deposits  of  gravel;  and 
thus,  from  their  superficial  position,  and  the  loose  texture  of 
the  mass  in  which  they  occur,  exposed  through  ages  to  the 
influence  of  atmospherical  action,  and  the  percolation  of  water, 
have  often  become  much  altered,  and  undergone  changes 
somewhat  analagous  to  those  which  may  be  produced  in  them 
by  fire  :  the  black  colour  is  rendered  less  intense,  or  changed 
to  brown,  yellow,  or  red,  probably  by  a  change  induced  in 
the  oxidation  of  the  iron  contained  in  it  \  Ihese  different  colours 
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are  cometimes  arranged  in  zones  parallel  to  the  outward  surface 
of  the  pebble^  the  altermg  actioH  having  operated  with  dif- 
ferent intensities  at  different  depths ;  a  singular  fissured  ap« 
pearance  may  sometimes  be  observed  in  such  pebbles. 

The  interior  of  the  flinty  nodules,  often  contains  drusy  cavi- 
ties lined  with  tubercular  chalcedony  or  quartz  crystals ;  these 
i;enerally  appear  to  have  formed  the  nidus  of  some  organic 
remain,  which  has  permitted  only  the  finer  particles  of  ther 
siliceous  matter  to  percolate,  and  thus  favored  their  assuming 
a  more  delicate  texture,  or  even  a  crystallised  arrangement. 
The  presence  of  a  sponge  or  alcyonium  seems  to  have  beeil 
particularly  favorable  to  the  formation  of  chalcedony  ;  almost 
whenever  it  occurs  in  flint,  a  careful  examination  will  detect 
the  traces  of  these  zoophytes :  very  beautiful  appearances  often 
result  from  their  radiated  ramifications  through  the  chalcedony^ 
whjch  should  be  dipped  in  water  to  bring  them  perfectly  out^ 
being  partially  hydrephaneus. 

(b)  Mineral  contents.  The  beds  of  flint,  so  numerous  in  the 
upper  chalk,  have  already  been  mentioned  ;  and  these,  together 
with  the  occasional  beds  of  hard  and  soft  chalk  marie,  occurring 
near  Dover,  and  of  Fullers'  earth  in  the  north  of  England,  at 
Claxby  in  Lincolnshire,  and  still  more  lately  discovered  in  the 
same  situation  in  Bepton  hill  near  Midhurst  *  in  Sussex,  are 
interstratified  with  the  beds  of  chalk  in  parallel  layers :  these 
substances  may  therefore  be  considered  as  of  contemporaneous 
formation  with  the  chalk  itself,  and  therefore  net  strictly  m 
mineral  contents,  under  which  head  however  they  seem  to 
require  this  notice.  The  chalcedonised  flints  are  often  found 
in  cabinets.  The  only  mineral  substance  common  to  the  chalk 
is  iron  pyrites,  which  is  found  in  most  if  not  all  the  beds,  m 
masses  varying  from  the  size  of  a  pea  to  several  inches  in 
diameter :  they  are  mostly  crystalline,  and  generally  exhibit, 
on  being  broken,  a  fibrous  and  diverging  structure,  arising  from 
the  position  of  the  crystals  of  which  they  are  composed,  and  of 
which  the  summits  commonly  appear  on  the  surface  of  tht 

*  The  following  account  of  the  exiitence  of  beds  of  Fuller's  earth  in  th» 
chalk  of  Sussex  was  presented  to  me  by  Frederick  Sarg^ent,  Esq.:  they 
were  first  noticed  by  the  Rev.  C.  P.  N.  Wilton.  The  Fullers*  e;irth  is  found 
in  two  beds  situated  in  the  upper  chalk,  and  so  near  the  summit  of  the  South 
Downs,  near  the  village  of  Bepton,  that  only  one  foot  of  chalk  lies  above 
the  upper  bed ;  the  beds  are  nearly  horizontal,  and  are  from  three  to  four 
mches  thick,  and  the  substance  itself  bears  every  characteristic  of  Fulleri* 
earth ;  it  does  not  effervesce  with  acids,  is  unctuous  to  the  touch,  some* 
what  translucent  on  the  edges,  and  falls  to  pieces  when  thrown  into  water. 
Below  these  beds,  and  near  the  middle  of  the  chalk  eecarpment,  lie*  a  bed 
of  loft  chalk  marie  three  or  four  inches  thick.    Cf  0 
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mass :  thej  often  occur  of  a  cylindrical  fonn^  and  were  liel^«» 
tofore  picked  up  and  preserved  under  the  name  of  thunderboli$. 
Often,  however,  these  masses  have  undergone  decompositioa 
while  in  situ,  so  that  nothing  is  left  but  an  ochreous  mass, 
which  has  occasionally  been  observed  to  penetrate  the  sur- 
rounding chalk,  colouring  it  in  concentric  circles  of  various 
shades  of  brown.  The  pyrites  is  sometimes  deposited  around 
shells.     (P.) 

In  a  chalk  quarry  at  Bishopston  down  near  Warminster  in 
Wiltshire^  enormous  blocks  of  crystalline  carbonate  of  lime, 
one  of  which  weighed  50  cwt.,  and  measured  between  30  and 
40  cubic  feet,  was  cut  into  slabs  for  chimney  pieces  at  Mr. 
Noel's,  a  stone-mason  at  Warminster.  They  lay  in  the  upper 
chalk  almost  close  to  the  surface,  and  the  flinty,  chalk  is  much 
thinner  in  this  than  the  adjoining  quarries.  Calcareous  spar 
also  occurs  in  a  chalk  quarry  at  Nook  near  Heytsbury,  in 
blocks  less  both  in  number  and  size«     (G.  Notes.) 

A  brown  or  blackish  brown  substance  has  been  observed 
coating  the  chalk  in  several  places  in  Suffolk.  It  has  some- 
times the  appearance  of  a  sooty  powder,  but  is  occasionally 
fibrous.  It  has  been  noticed  by  the  Rev.  J.  Holme  in  a  pit 
near  Budlingham  bridge  in  the  parish  of  Frecklingham ;  in 
another  near  West  Row  Ferry,  and  also  at  West  Row  near 
Mildenhail,  and  is  considered  by  that  gentleman  to  be  most 
probably  the  black  oxide  of  manganese ;  this  however  requires 
confirmation.     (P.) 

The  chalk  of  Claxby  in  Lincolnshire  is  very  fibrous  in  the 
cracks,  and  when  exposed  to  air,  powdered  with  black  specks, 
but  in  the  interior  it  is  beautifully  white :  grey  flints  are  dis- 
senntnated  through  it.     (G.  Notes) 

A  septarium  found  in  chalk  at  Steyning  in  Sussex,  is  now  in 
the  collection  of  Mr.  Parkinson.     (G.  Notes.) 

(c)  Organic  remains.*  Under  this  head,,  the  chalk  presents 
us  with  phcenomena  very  different  from  those  of  the  more 
recent  formations. 

Although  numerous  individual  specimens  are  every  wher« 
to  be  found,  yet  the  number  of  genera  to  which  they  belong 
are  restricted  within  comparatively  narrow  limits. 

If  variety  be  wanting,  it  is  however  compensated  by  novelty- 
In  the  abundance  of  the  newer  beds,  although  the  species  were 
usually  different,  yet  the  genera  agreed  with  those  still  found 
in  the  ocean  :  but  here  we  are  presented  with  many  new 
genera,  and  probably  not  a  single  species  will  be  found,  iden« 
tical  in  all  its  characters  with  any  now  known  to  exist. 

*  The  whole  of  this  ar tide  it  by  tke  Rev.  W.  D^  QotLjbmrt^  F.R.8.  &c« 
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To  begin  with  the  remains  of  the  more  perfect  animals^  wd  . 
find  the  remains  of  several  species  of  vetebral  fi«h ;  amohg 
which  may  be  specified,  teeth  of  a  species  of  shark  perhaps 
near  the  Squalus  galeus,  two  varieties  of  the  grinding  palatal 
Ibones  belonging  to  unknown  genera,  vertebrae,  and  scales. 

Among  the  testaceous  molluscae,  the  order  of  multilocular 
univalves  has  left  the  following  genera  imbedded  in  this  for- 
mation ;  Ammonites*,  both  ovate  and  circular;  Scaphites'* ; 
BeleDinites+ ;  all  these  genera  are  extinct ;  the  first  occurs 
rarely,  in  the  upper  chalk,  the  second  only  in  the  lower,  and 
the  varieties  are  peculiar  and  chaiacteristic  of  these  beds. 

Of  the  common  spiral  univalves,  the  genera  and  species 
found  in  the  chalk  are-  very  few  and  rare  ;  a  striking  contrast 
to  the  abundance  in  which  they  occur  in  the  newer  beds  :  th« 
genera,  Trochus,  Cirrus,  and  Turbo,  are  nlentioned. 

Serpulse  and  spirorbes  are  common. 

Among  the  bivaWes  may  be  numbered ;  Ostrea,  four  species^ 
1.  resembling. edulis  ;  2.  variety  of  o.  crista  galli ;  3.  (not  half 
an  inch  long,  crenulated  on  each  side  the  hinge),  canaliculata^ 
Pecten,*  two  species,  or  more  ;  Terebratulae,  five  species,  three 
•mooth,  two  plicated  ;  Magas*  ;  Plagiostoma*  spinosa  ;  Dian- 
chora*  lata ;  Inoccramus  (the  fibrous  shells)  several  species,  of 
which  one  is  figured  G.  T.  vol.  5.  pi.  1.  The  four  last  genera 
•re  extinct. 

Of  l^ultivalves,  a  species  of  balanus  has  been  found. 

The  important  family  of  Echinitcs  may  be  considered  a^ 
characteristic  of  this  formation,  and  at  least  as  equalling  in 
number  all  the  other  shells  found  in  it ;  many  of  the  species, 
and  one  entire  genus  is  indeed  peculiar  to  it.  In  enumerating 
the  genera,  we  shall  give  both  the  names  of  Leske  and  Lamarck, 
distinguishing  them  where  they  differ  by  the  respective  initials, 
and  add  references  to  the  figures  in  the  3d  vol.  of  Parkinson's 
Organic  remains.  1.  Helmet-shaped ;  Echinocorys  Leske ; 
Ananchytes,  several  species  (P^  pi.  2,  fig.  4.)  2.  Conical ; 
Conulus,  Leskcj  Galerites,  Lamarck  (PI.  pi.  2,  fig.  10)  many 
species.  3.  Heart-shaped  ;  Spatangus.(P.  pi.  3,  ^g,  11).  4. 
Spheroidal,  with  the  mouth  and  vent  on  the  opposite  poles, 
and  studded  with  mamillated  tubercles ;  these  constitute  the 
Cidares  of  Leske,  but  Lamarck  has  divided  them  into  two 
genera ;  in  one,  the  tubercles  are  perforated  to  admit  the  pas- 
sage of  muscular  filaments  which  assist  in  the  motion  of  the 

%      *  The  shells  marked  by  an  asterisk  are  figured  ia  Sowerby's  Mineral 
CoBcholQgy 

-f  When  the  belemnites  arc  mentioned  byj;Cuvier  as  characteristic  of  the 
French  chalk,  this  is  only  to  be  understood  in  contradbtinction  to  the  more 
recent  beds,  in  whieh  they  rarely  or  never  occur.-       *  * 
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^^inesy  always  large  in  this  variety ;  to  this  he  restricts  the 
name  Cidaris ;  one  beautiful  species,  Cidaris  papillata  (P.  pi.  J  ^ 
fig.  11)  is  foun4  ii4  the  chalk  :  in  the  other  division  the  tuber- 
cles are  imperforate,  the  spines,  which  are  smaller « being  moved 
by  the  contractions  of  the  outer  skin  only  ;  Lamarck  distin* 
guishes  this  genus  as  the  Echinus  properly  so  called  :  the  Cidarea 
variolatae  (P.  pi.  1,  fig.  5,  7, 10,  and  pU  3,  ^g,  1)  belong  to  it. 
Of  these  genera,  all  the  species  1  and  2  appear  to  be  extinct, 
and  the  former,  confined  to  the  chalk  formation  only  :  those  of 
3  are  distinguished  from  the  recent,  only  by  strongly  maiked 
specific  differences ;  those  of  4  e^^hibit  a  very  near  approach  t9 
recent  specimens,  but  are  still  to  be  identified. 

Of  the  Starrfish,  Asterias.  Lamarck^  four  species  are  des^ 
eribed  by  Mr.  Parkinson  (Org.  rem.  vol.  3)  as  belonging  to  the 
English  chalk.    1.  (PI.  1,  fig.  1)  nearly  resembling  the  Penta* 

fonastes  semilunatus  of  Linck.  %  (PL  1,  fig.  3)  approaching 
^entagonastes  semilunatus  of  Linck,  3*  Penlaceroft  lentigino- 
ius,  Linck,  4.  Stella  lumbricalis  lacertosa  corpore  spherico, 
Linck ;  the  species  nearly  resemble  the  recent. 

Among  the  Zoophytes,  the  family  Encrinus  has  several  genera 
in  the  chalk.  1.  Pentacrimis,  rare.  %  Straight  Encrinus 
(P^irk.  O.  R.  vol,  ii.  pi.  13,  fig.  34,  70—73.)  3.  Bottle  Encrt- 
ous,  (same  pls^te,  ^g.  75,  7^-^  4.  Stags-horn  Encrinus  (same 
plate,  fig.  31,  38,  39)  :  all  these  species  are  extinct ;  one  spe* 
ctes  only  of  the  genus  Pentacripus  is  known  to  exist,  which 
differs  materially  from  the  fossil. 

The  fossil  long  known  under  the  name  of  the  Tortoise  £ncr»- 
ous,  which  resembles  some  species  of  the  Encrinites  in  having 
a  pelvis  composed  of  pentagonal  plates  supporting  articulated 
tentacula,  but  differs  from  them  in  wanting  the  articulated  stem 
or  column,  and  must  therefore  float  freely,  is  now^  on  account  of 
the  essential  distinction,  formed  into  a  new  genus  ta  which  the 
iiame  Marsupile  is  given  ;  one  species  only  has  been  described 
(same  plate  fig.  24)  ;  it  is  only  known  fossil,  and  is  peculiar  to 
tiie  chalk. 

Of  the  family  Madrepore  (Polyparia  lamellifera  Lamarck} 
ooly  one  species  occurs,  nearly  approaching  the  madrepora 
cyathus  of  Ellis,  and  Caryophyljja  cyathus  of  Lamarck  (Park% 
i^sop's  organic;  remains,  yo).  ii.  $gn  15&16);  a  more  elongated 
variety  (perhaps  only  a  different  stage  of  growth)  is  found  witH 
this;  the  principal  differenpe  between  the  recent  and  fossil 
specimen  is,  that  the  exterior  of  the  former  is  smooth,  that  of 
the  latter  striated. 

The  families  of  Alcyonium  and  Spongia  present  numerous  re- 
mains :  much  obscurity  prevails  in  the  distribution  even  of  th^ 
reoent  species  of  these  families.    Ellis  mak^es  their  diitinctio*. 
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to  consist  in  the  presence  of  polypi,  as  inhabitants  of  the  eeU 
luies  of  the  alc3ronia)  and  befieves  the  sponges  to  possess  none 
of  these  animacules,  bnt  to  be  simplj  investited  with  a  liTing 
gelatinous  flesh.  Jjamarck,  with  greater  probability,  supposes 
the  sp<mges  to  have  polypi  like  the  alcyonia,  differing  only  in 
the  greater  solidity  of  the  fleshy  parts  of  the  latter,  which  per* 
mit  them  to  be  observed  when  removed  from  the  water ;  while 
those  of  the  former  dry  up  instantly  on  being  taken  out  of  thcii* 
natural  element,  and  thus  escape  observation.  It  is  manifestly 
impossible  that  a  distinction  of  such  a  nature  should  be  ascer^ 
tainable  in  petrifactions  preserving  only  the  solid  parts  of  the 
animal;  from  general  character,  however,  many  of  them  ap-* 
pear  rather  to  belong  to  the  sponge  than  alcyonium. 

The  substance  of  these  bodies  consists,  as  to  its  interior  tex^ 
ture,  of  a  mass  of  interwoven  fibres,  penetrated  by  larger  pores^ 
regularly  or  irregularly  disposed. 

These  fibrous  reticulations  sometimes  run  confusedly  toge^ 
ther,  so  that  their  meshes  present  no  regular  or  determinate 
figure ;  sometimes  they  are  regularly  disposed,  so  as  to  give  to 
the  whole  mass  a  plicated  character;  we  shall  therefore  assume 
this  distinction  as  the  foundation  of  our  division. 

Of  that  division  which  is  irregularly  reticulated,  four  genera 
at  least  may  be  traced  in  the  chalk  formation. 

1.  Of  a  ramifying  form;  two  varieties  are  figured  by  Park- 
inson, vol.  ii.  pi.  8.  fig.  6  &  12,  and  pi.  11.  ^g.  4. 

2.  Palmated;  the  larger  pores  disposed  in  a  quincimcial 
order;  rare. 

3«  Irregularly  turbinated  and  funnel-shaped  masses;  th« 
tarieties  of  this  form  are  almost  infinite,  arising  probably  .from 
the  different  contractions  of  the  mass. 

4.  Fig-shaped;  agreeing  exactly  with  that  figured  in  So- 
lander  and  Ellis,  pi.  59,  fig.  4,  as  a  sponge,  but  pronounced 
by  Lamarck  to  be  an  alcyonium ;  it  is  pediculated  sit  the  bot^ 
torn,  and  flattened  at  the  top,  which  presents  a  funnel-shaped 
cavity  penetrating  in  the  direction  of  its  axis ;  its  larger  porei 
radiate  from  the  axis*  Parkinson  figures  Varieties  found  in 
chalk  or  its  derivative  gravel,  pi.  9.  fig.  11,  12,  4,  and  pi.  11# 
fig.  8.  The  appearance  of  the  ramifymg  filaments  round  th« 
funnel-shaped  cavity  of  this  genus,  is  seen  in  the  specimen,  pL 
9.  fig.  1.;   fig.  7  &  5,  pi.  12,  also  belong  to  this  gentis. 

Another  genus  is  there  characterized;  it  occurs  "  forming 
large  irregular  sessile  masses,  upper  surface  tuberculated,  tra-- 
versed  by  large  irregular  famifyihg  pores.'* 

The  most  remarkable  of  the  regularly  plicated  division,  and 
that  perhaps  of  which  all  the  seemtngly  different  species  ar« 
only  accidental  varieties  of  fornrt,  has  been  ably  descyibtd  bf 
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Mr«  Mantell  in  the  eleventli  volume  of  the  Linnaean  Tfansac* 
tions^  p.  401 9  under  the  name  of  Alcyonium  chonoides  (from 
Xvinfiy  a  funnel) ;  and  as,  from  the  limited  circulation  of  the 
original  work,  the  desciiption  (which  is  highly  interei^ing)  is 
probably  known  to  very  few  of  our  readers,  we  shall  subjoin 
au  abridgement* 

This  aicyonium  is,  as  to  its  general  form,  funnel-shaped  and 
fixed  by  the  root ;  the  external  coat  is  composed  of  fasciculi  of 
muscular  fibres,  which,  arising  from  the  pedicle,  proceed  in  a 
radiating  manner  towards  the  circumference,  and  by  frequently 
anastomosing,  constitute  a  retiform  plexus  capable  of  dilating, 
lengthening,  and  contracting ;  according  to  the  impressing  it 
received  from  this  contractile  power,  arises  a  great  variety  in 
the  general  form  of  the  specimens :  when  quiescent,  it  appears 
to  have  been  funnel-shaped ;  when  partly  expanded,  cyathiform  ; 
when  completely  so,  discoidal ;  occasionally  even  throwing  the 
surface  into  deeply  undulating  folds,  so  that  a  transfverse  sec- 
tion of  it  exhibits  au  indented  outline,  something  like  that  of 
the  heraldic  nebule ;  these  fasciculi  are  further  connected  by 
lateral  processes,  which  increase  the  firmness  of  the  integument 
formed  by  them ;  from  the  inner  part  of  this  envelopement, 
arise  tubuli  which  pass  direct  to  the  inter-funnel-shaped  cavity, 
and  terminate  on  its  surface  in  small  circular  pores  or  openings, 
often  disposed  in  a  quincunical  order;  in  some  specimens,  a 
substance  of .  a  sponge-like  appearance  fills  up  the  interstices 
between  these  pores,  probably  the  remains  of  a  spongy  mem- 
brane which  in  the  recent  specimen  served  to  connect  the  tubes, 
and  give  consistence  to  the  whole  mass.  Each  of  these  pores 
was  perhaps  the  cell  of  a  minute  polypus. 


Fig.  1.   Ekterior  view. 


Pig.  2.   View  looking'  into 
the  inner  cavity. 


Specimens  are  sometimes  found  invested  with  chalk  only, 
but  more  usually  enveloped  in  flinty  nodules ;  Parkinson  (pi.  10, 
£lg.  14,  15,  \6f)  had- given  a  representation  of  the  root  and  part 
of  the  stem  in  this  state,  but  the  specimens  were  too  impeneet 
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t^  enable-  him  to  ascertain  their  true  character;  an  impressioB 
of  the  inner  root  marked  hj  quincuncial  pores  is  .figured  b/ 
him  pi.  11,  fig.  i  2. 

A  similar  specimen  from  the  French  chalk  is  figured  in 
Ramond's  travels  to  Mont  Perdu,  where  it  is  inserted  9»  an 
object  of  comparison  with  an  analogous  fossil  found  in,  th« 
Pyrenean  limestone. 

In  considering  this  class  of  the  organic  remains  occurring  in 
the  chalk,  we  have  exceeded  the  brief  notice  to  which  we 
usuallj  confine  our  remarks  on  this,  head,  since  the  confusion 
and  obscurity  which  prevail  concerning  its  genera  and  species, 
fender  every  attempt  to  methodise  and  illustrate  them  usefuL* 

(c)  Range  and  extent.  This  extensive  deposit  stretches, 
with  little  interruption,  f rpm  Flamborough  head  on  the  coast 
of  Yorkshire,  to  near  $dmouth  on  the  coast  of  Devonshire^ 
forming  a  range  of  hills  often  of  considerable  elevation,  and  of 
which  the  most  precipitous  escarpment  is  generally  on  the 
north-western  side. .  Another  range  pi  hills  branches  from  it^ 
in  the  south  of  England.     (6.  Map.) 

The  cli£f  between  Bridlington  quay,  which  is  about  five 
miles  south  of  the  point  called  Flamborough  head,  +  consists  of 
chalk,  as  well  as  Speeton  cliff  about  six  miles  on  the  north* 
west  of  it.  The  chalk  then  proceeds  inland,  rising  into  hills 
which  for  about  1 5  mUes  from  the  shore  have  nearly  a.  westerl/ 

♦  The  form  of  those  singularly  shaped  masses  of  flint  known  br  the 
name  of  Paramoudra  in  Ireland,  where  they  are  most,  conmion,^  and  also 
found  at  Whittlingham  and  othei*  places'  near  Norwich,  bears  a  strong  re- 
semblance, but  on  an  enormously  lar^^er  scale,  to  the  flinty  nodules  invest- 
ing some  «pecies  of  tubercular  alcyohia.    (C.) 

,.  +•  These  cliflFs  exhibit  at  the  top  the  superior  soft  chalk  containing  hori^ 
Bontal  layers  of  flint,  at  the  bottom  the  hard  variety  With  few  flints.  W6 
9uy  be  permitted  to  relieve  the  dryness  of  geological  detail,  by  quotiilg  the 
striking  portrait  of  this  place  given  by  Penndnt  (Arctic  Zoology,  Introd. 
p.  xi.) :  the  vast  "height  of  the  precipices  and  the  amazing  grandeur  of  the 
scenes  which  open  on  the  north  side,  giving  wide  and  solemn  admission 
through  most  exalted  arches  into  the  body  of  the  mountain,  together  with 
the  gradual  decline  of  light,  the  deep  silence  of  the  place,  unless  inter- 
rupted by  the  striking  of  the  oar,  the  collision  of  a  swelling  wave  against 
the  sides,  or  the  k)ud  flutter  of  the  pigeons  affrighted  from  their  nests  im 
the  distant  roof,  afford  pleasures  of  scenery  which  such  formations  as  thia 
alone  can  yield.  These  also  are  wonderfully  diversified ;  in  some  parts  the 
caverns  penetrate  far,  and  end  in  darkness ;  in  others  are  pervious,  and 
give  a  romantic  passage  by  another  opeiiing  equally  superb.  Many  of 
the  rocks  are  insulated,  of  a  pyramidal  form,  and  soar  to  a  great  height  ; 
the  bases  of  most  are  solid,  but  in  «ome  pierced  through  and  arched ;  all 
3re  covered  with  the  dung  of  the  innumerable  flocks  of  migrating  birds 
which  resort  here  annually  to  breed,  and  fill  every  little  projection,  every 
kole,  which  will  give  them  leave  to  rest ;  multitudes  were  swimming  about ; 
others  swarmed  in. the  air,  aad.stun&ed.uiL  wi(h  the  variety  of  thek  croaks 
indscreara^..  (C.) 
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direction,  and  of  which  the  escarpment  is  towards  the  norCfa* 
The  line  of  hills  then  sweeps  suddenly  round,  a  little  to  th# 
east  of  south,  forming  the  Wolds  of  Yorkshire^  and  are  ter- 
minated by  the  river  Humber.  On  the  opposite  coast  of  that 
river,  at  Burton  in  Lincolnshire,  the  chalL  rises  again  from 
beneath  the  alluvial  matter  forming  its  banks,  into  a  i^ange  of 
hills,  the  Wolds  of  Lincolnshire,  having  a  south-easterly  direc- 
tion, and  terminating  at  Burgh,  a  town  about  five  miles  north 
•f  Wainileet,  and  near  the  easternmost  point  of  the  Lincolnshire 
eoast,  where  it  dips  beneath  allurium.  The  chalk  tract  of  the 
Yorkshire  and  Lincolnshire  wolds  has  an  average  breadth  of 
rather  more  than  six  miles.   (G.  Map.) 

Near  the  shore  of  the  north-western  point  of  Norfolk,  and 
bordering  the  Wash  which  separates  it  from  Lincolnshire,  the 
chalk  re-appearsf  as  a  ridge  of  hills  running  tiearly  south  for 
a)[)Out  15  miles,  and  occupying  the  strface  for  about  10  miletf 
•n  the  east  of  the  hills,  to  Bumham  Market,  but  its  breadth 
oa  the  southern  half  scarcely  exceeds  three  to  five  miles.  This 
little  range  terminates  at  Castle  Acre  about  five  miles  north  of 
Swafifham,  sinking  beneath  the  diluvial  sands  of  Norfolk.  The 
chalk  appears  agahi  on  the  north  of  Thetford,  and  forming  a 
low  tract,  passes,  except  where  it  is  covered  by  marshy  or 
alluvial  soil,  by  Newmarket  in  Su£folk,  to  a  little  on  the  east 
of  Cambridge, I  on  the  west  and  south-west  of  which  appear 
some  outlying  masses,  as  the  Coach  and  Horses  hill,  and  the 
summit  of  Madingley  hill  which  rest  (G.  T.  vol.  v.  p.  115) 
on  gait.     From  Cambridge,  the  western  limit  of  the  chalk 

*  In  the  Wolds  of  LincolruJure^  the  chalk  consists  of  two  colours,  red  and 
white,  eftch  lying  in  regular  strata,  the  red  beine  generally  undermost ;  in 
the  white,  seams  of  flint  are  frequently  met  with  from  two  to  six  inches 
thick.  The  chalk  rests  upon  a  coarse  brown  pebbly  sand  without  organie 
remains,  consisting  of  quartz  and  oxide  of  iron.    (G.  T.  vol.  iii.  p.  394.) 

+  Hunstanton  cliff,  though  only  about  80  feet  hi^h,  forms,  from  the 
flatness  of  the  adjacent  country,  a  conspicuous  object ;  immediately  beneath 
the  vegetable  soil  and  chalk  marie,  beds  of  regular  chalk  about  30  feet  ia 
thickness  occur  r  these  rest  on  a  hard  red  stone  four  feet  deep,  which  is 
often  ground  and  made  into  a  red  paint  (evidently  the  same  with  the  lower 
bed  in  the  Lincolnshire  wolds) ;  seven  feet  of  loose  friable  dirty  yellow 
stonfe  ipucceed,  placed  on  a  base  of  iron-coloured  pudding-scone  projecting 
into  the  sea,  with  vast  fragments  scattered  over  the  beach.     (C*) 

\  The  chalk  of  CamhridgesMre  is  described  as  consisting  of  two  varieties  5 
the  u^per  containing  the  common  black  flint  in  abundance,  and  the  towet 
or  grey  ekalky  which  contains  little  or  none.  If  a  line  be  drawn  from  Roy- 
ston  by  Balsham  to  Newmarket,  it  will  pretty  exactly  define  the  limits  of 
both  varieties ;  the  hills  to  the  eastward  of  it  being  composed  of  the  upper 
beds,  while  those  to  the  west,  consist  of  the  lower  or  grey  chalk  which 
fcmiposes  by  far  the  g^reater  part  of  the  hiH»  of  Cambridgeshire,  and  whicli 
win  he  agam  noticed  in  treating  of  the  chalk  marie.    (Ow  T.) 
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pastes  to  the  south-west,  and  at  Royston  downs  assumes  the 
character  of  a  range  of  hills,  the  escarpment  of  which  con* 
tinues  with  little  interruption,  and  in  the  same  direction,  by 
Baldock  and  Hitchin  in  Herts,  Dunstahle  in  Bedfordshire, 
and  Tring  and  Weadover  in  Buckinghamshire  to  Goring  ia 
Oxfordshire,  a  distance  of  about  75  miles,  where  it  is  broken 
through  by  the  valley  of  the  Thames.  (G.  Map.)    This  range,* 
in  passing  through  Buckinghamshire  and  Oxfordshire,  is  well 
known  under  the  name  of  the  Chiiteiu  hills,  in  Bedfordshire 
the  names  of  Royston  and  Luton  Downs  are  applied  to  differeat 
parts  of  it :  its  average  breadth  is  from  15  to  20  miles :  from 
the  summit  of  its  north-western  escarpment  it  declines  gra- 
dually to  the  south-east,   where  its  strata  dip  beneath  the 
upper  bed  of  the  London  basin ;  it  is  furrowed  by  many  trasi- 
Terse  Tallies  of  which  several  break  entirely  through  it ;  such 
are  that  through  which  the  proposed  line  of  the  London  aad 
> Cambridge  Canal  passes  that  of  the  Grand  Junction  Canal; 
t>ut  the  principal  opening  through  the  chain,  is  that  through 
whkh  the  Thames  flows  from  Goring  to  Maidenhead,  and 
which  constitutes  the  most  striking  and  picturesque  scenery  o» 
the  banks  of  the  principal  river  of  the  island.     On  the  west  of 
the  ThaiQes,  the  chaiu  is  continued,  bearing  the  name  of  Ilsey 
Downs   and  the   Whitehorse  hills,   to  Marlborough   Downs, 
where  it  is  broken  through  by  the  valley  of  the  Kennet ;  which, 
like  most  of  the  rivers  flowing  through  this  formation,  ri&es  in 
the  subjacent  and  older  stratum,  and  breaks  entirely  through 
the  elevated  chains  of  the  clialky  downs*  This  valley  separates 
the  northern  Marlborough  Downs  from  the  long  ridge  on  the 
south  of  Marlborough,  which  stretches  westwards  to  Bagdoa 
hill  about  three  miles  north-west  of  Devizes  in  Wilts.    On  the 
south-east,  this  ridge,  skirting  round  the  vale  of  Pewsey  (a 
broad  opening  between  the  chalk  ranges,  exhibiting  the  inferior 
strata),  connects  itself  with  the  northern  point  of  thatextensiir« 
cretaceous  district  which  occupies  all  the  north  of  Hampshire 
lind  most  of  the  south  of  Wiltshire ;  its  longest  diameter  from 
east  to  west,  being  more  than  50  miles  ;  its  shortest  from  north 
to  south,  about  twenty. 

This  vast  area  has  been  appropriately  denominated  by  Pen- 
nant, the  great  central  Patria  of  the  Chalk ;  the  centre  and 
source  whence  all  the  ranges  of  this  rock  traversing  the  island 
diverge. 

The  following  pomts  will  assign  its  limits  with  sufficient  pre- 
cision for  our  present  purpose.     On  the  east,  the  hills  abote 

*  The  remainder  of  the  description  of  this  rang^  and  extant  of  the  dulk 
If  by  the  Rer.  W.  D.  Conybe«r«, 
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Selborne,  (a  spot  familiar,  from  the  classical  pages  of  i/tA 
White,  to  all  who  can  be  interested  either  in  natural  historj 
or  elegant  literature) ;  on  the  west,  those  skirting  the  vale  of 
Warminster ;  on  the  north ^  f  nkpen  hill,  the  loftiest  summit  of 
this  formation,  attaining  the  height  of  1011  feet  above  the  level 
of  the  sea  on  the  south  of  Salisbury.  A  great  part  of  the  area 
so  included,  is  well  known  by  the  name  of  Salisbury  plain. 
The  whole  of  this  district  consists  of  an  elevated  platform,  dis- 
tinguished only  by  gentle  elevations  of  surface,  and  covered  by 
a  scanty  herbage.  It  is  intersected  by  fewer  vallies  than  th^ 
chains  formerly  described ;  of  these,  the  principal  is  that  of 
the  Salisbury  Avon,  which,  rising  in  the '  substrata  of  the  vale 
of  Pewsey,  breaks  through  the  chalky  tract,  as  do  its  tributarr 
streams  on  the  west,  the  Willy  and  the  Nodder ;  in  the  center 
the  river  Anton,  rising  within  the  chalk,  descends  towards 
Southampton  water ;  and  on  the  cast  the  river  Barge  flows  hf 
Winchester  to  the  same  point. 

In  order  to  illustrate  the  relations  of  ihik  central  mass,  and 
the  branches  diverging  from  it,  we  may  compare  the  whol« 
line  of  the  chalk  with  its  ramifications,  to  the  small  letter  k  in 


the  common  printed  characters,  placed  obliquely,  thus, 


^ 


the  Interior  angles  betweeh  the  stem  and  the  two  branches, 
will  represent  the  spaces  occupied  by  the  superior  strata  in  tha 
basins  of  London  and  the  Isle  of  Wight ;  the  exterior  anglfe 
between  these  branches,  the  denuded  and  protruding  area  of 
inferior  strata  in  Kent  and  Sussex ;  while  the  outer  side  of  thk 
stem  will  correspond  with  the  general  escarpment  of  the  chal^ 
towards  the  inferior  strata  on  the  north-west :  the  inosculatioik 
of  the  stem  and  branches,  indicates  the  position  of  the  great 
central  mass,  the  breadth  of  which  will  be  easily  accounted 
for,  when  it  is  considered  that  this  tract  exhibits  the  totat 
breadth  of  the  chalk  between  its  opposite  escarpments  towardk 
the  older  formations ;  whereas  in  every  other  point,  the  interior 
area  of  the  chalk  is  concealed  by  its  superstrata,  and  its  edges 
alone  exposed  to  view. 

li  will  at  on Ce  be  seen  that  the  range  of  chalk,  traced  up  to 
its  junction  with  this  central  mass,  is  that  represented  by  th^ 
upper  part  of  the  stem,  and  that  it  forms  the  north-west  border 
of  the  i^ndon  basin. 

Another  similar  chain  is  detached  from  the  north-east  angle 
of  the  great  central  mass  near  Famham,  extending  to  the  straitlT 
of  Dover  near  Folkestone,  (this  corresponds  to  the  upper 
branch  of  the  k);  it  is  well  knowQ  under  the  name  oLil^ 
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North  Downs  of  Surrey  and  Kent.  This  chain  bounds  the 
London  basin  on  the  south,  as  the  former  did  on  the  north  ; 
the  hills  composing  it  descend  with  a  gentle  slope  along  the 
back  of  the  strata,  towards  the  basin;  but  on  the  opposite  or 
southern  side,  are  broken  down  into  a  steep  escarpment  facing 
t^e  older  ranges  of  the  Weald.  This  range  is  broadest  at  its 
western  termination,  where  its  strata  have  the  least  inclination, 
and  consequently  occupy  by  their  bassrt  the  greatest  horizontal 
space,  ft  is  here  not  less  than  ten  miles  across.  On  the  other 
hand,  at  its  western  extremity  near  Guildford,  where  the  beds 
are  considerably  inclined,  it  forms  a  narrow  and  steep  ridge 
known  by  the  name  of  the  Hog's-back,  which  cannot  exceed 
half  a  mile  in  breadth.  The  escarpment  of  this  chain  ranges 
from  west  to  east  by  the  following  towns  ;  Guildford,  Dorking, 
Seven  Oaks,  Maidstone,  Folkstone  ;  the  cliflfs  in  the  neighbour- 
hood of  Dover,  which  will  hereafter  be  particularly  described, 
are  formed  by  the  section  of  this  chain  against  the  coast. 

This  chain  is  broken  through  by  all  the  rivers  which  run 
northwards  from  the  Weald,  viz.  the  Wey,  the  Mole,  the 
Darent,  the  Medway,  and  the  Stowe;  which  thus  form  a  system 
of  transverse  valleys,  crossing  at  right  angles  the  great  longi- 
tudinal valley  which  extends  along  the  foot  of  its  escarpment. 
These  circumstances  will  be  more  fully  described  in  treating  in 
the  Sixth  Book  of  the  Phcsnomena  connected  with  Vallies. 

The  chain  attains  its  greatest  height  at  Botley  hill. 

The  Isle  of  Thanet,  which  consists  entirely  of  chalk,  placed 
near  the  north-east  chain,  is  not  in  fact  connected  with  it; 
being  separated  by  a  trough  occupied  by  the  upper  strata,  from 
lieneath  which  its  strata  rise  towards  the  north-east. 

Another  corresponding  chain  (forming  the  lower  branch  of 
the  k),  is  thrown  oflf  from  the  south-east  angle  of  the  central 
mass  near  Petersfield.  The  escarpment  of  this  chain  looks 
northwards,  skirting  the  district  of  the  Weald  (occupied  by  the 
inferior  strata)  on  the  south,  as  did  the  preceding  chain  on  the 
aorth.  The  line  of  junction  at  the  foot  of  the  hills,  passes  south 
of  Midhurst,  north  of  Arundel  and  Lewes,  to  the  sea  at  Beechy 
Head ;  between  which  point  and  Brighton,  the  section  of  the 
chain  against  the  coast  exhibits  a  magnificent  range  of  chalky 
«Iiffs,  resembling  those  presented  under  similar  circumstance« 
by  the  section  of  the  North  Downs.  On  the  south,  (his  chain 
gently  descends  beneath  the  superstrata,  occupying  the  basin  of 
the  Isle  of  Wight,  which  it  bounds  on  the  north-east. 

This  chain  is  known  by  the  name  of  the  South  Downs,  as 
^ntradistinguished  from  the  North  Downs  before  described. 
Its  average  breadth  is  about  five  miles :  it  is  broken  through^ 
like  the  North  Downs,  by  a  scries  of  transverse  vallies,  whic& 
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convey  across  it  to  the  channel,  several  rivers  nsiag  la  the'in- 
terior  ridges  of  the  Weald,  viz.  the  Axun,  the  Adar,  the  Oage, 
nnd  the  Cuckmere.  Its  highest  point  is  Butser  hill  in  Uamp- 
sliire,  ivhich  is  917  feet  above  the  level  of  the  sea. 

Nearly  connected  with  this  chain  is  a  low  and  insulated 
ridge  of  chalk  called  Portsdown  hill,  lying  entirely  within  t^e 
basin  of  the  Isle  of  Wight,  and  protrudiug  as  it  were  through 
the  superstrata  M'hich  occupy  that  basin,  and  on  aU  sides  .sor- 
round  it.  Its  situation  is  neai'  the  commencemeot  of  tiie  chaia 
we  have  just  described,  aud  it  seems  to  be  the  result  of  a  slight 
undulation  in  the  strata.  It  lies  on  the  north  of  Portsmouth^ 
and  extends  in  length  about  ten  miles  east  and  west  between 
Ilavant  and  Farehaoi,  while  its  breadth  scarcely  exceeds  i^ 
mile. 

Lastly,  from  the  south  of  the  great  central  mass  near  Salisn 
bury,  a  chain  is  detached  (answering  to  the  lower  part  of  the 
stem  of  our  k)  ;  wUch,  proceeding  through  Dorsetshire^  bounds 
the  Isle  of  Wight  basin  on  the  north-west.  Its  escariMnent  first 
runs  west-south-west  to  Shaftesbury  (the  vale  of  Tisbury  lying 
in  the  angle  between  itself  and  the  central  hills)  ;  thence  it 
trends  south  towards  Blandford  (where  the  valley  of  the  $tour 
breaks  through  the  chain),  but  about  two  miles  north  of  thai; 
town  turns  again  westward,  in  which  direction  it  extends  (being 
however  broken  through  by  the  valley  of  the  Frome),  for  aboul 
20  miles,  to  the  north  of  Beaminster,  forming  Horn  hill,  which 
together  with  the  hill  on  its  north,  may  be  said  to  £orm  its 
extreme  point  of  connexion  in  the  west  of  England.  On  the 
west  of  these  hills  however  there  are  some  outlying  masses,  the 
probable  consequences  of  denudation,  lying  upon  and  sur^ 
rounded  by  the  beds  of  the  green  sand.  One  of  these  masses  is 
immediately  on  the  south  of  Crewkerne,  and  the  road  from  that 
place  to  Chard  passes  for  five  or  six  miles  over  the  summit  of 
another.  Chard  itself  is  situated  on  the  edge  of  another  oat^ 
lying  mass,  about  one  mile  wide  and  five  miles  long  from  east 
to  west.  Two  or  three  other  small  patches  occur  on  the  southn 
west,  and  between  Chard  and  Sidmouth;  and  on  the  east  of  the 
latter  place  are  three  outliers  of  more  considerable  dimension,, 
and  very  near  to  the  coast.  Returning  to  Horn  hill,  we  thenee 
trace  the  escarpment  to  within  a  mile  of  the  coast  near  Abbots- 
bury.  The  chain  however  does  not  yet  actually  reach  the  sea-, 
shore  ;  for  suddenly  turning  rouod  to  the  east,^  so  as  to  form 
an  acute  angle  with  its  former  co,urse,  it  proceeds  in  that  diree^ 

*  To  make  our  ^tter  k  represent  this,  we  must  suppose  the  extremity  •f 
ihe  lower  part  of  its  Hem,  to  be  bent  suddenly  inwards,^  thus 
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tioD  through  the  middle  of  the  isle,  or  more  properly,  peninsula 
of  Purbeck,  forming  cliffs  by  its  section  against  the  coast,  at 
eitker  extremity  of  that  isle,  viz.  at  Whitenose  on  the  west 
and  liaiidfEist  point  on  the  east.  Remarkable  circumstanceg 
attend  this  latter  part  of  its  course ;  the  chalk,  usually  nearly 
liorizontal,  becomes,  throughout  the  Isle  of  Purbeck,  vertical ; 
and  exhibits  at  Handfast  point  some  of  the  most  singular  and 
interesting  pfaoenomena  in  stratification  which  geology  has  yet 
recorded. 

The  chain  terminates  at  Handfast  point  directly  towards  the 
Isle  of  Wight,  which  is  distant  about  15  miles,  and  appears  to 
be  there  resumed  by  a  similar  chain  of  Chalky  Downs  ;  which, 
•orresponding  with  the  former  in  direction,  and  like  it,  having 
its  strata  forced  (probably  by  the  same  convulsion)  into  a  ver- 
tical position,  traverses  the  island  longitudinally;  presenting, 
by  its  sections  on  the  coast,  magnificent  cliflfe  at  the  Needles 
pokit  on  the  western  extremity,  and  Culver  cliffs  on  the  eastern. 

An  insulated  mass  or  outlier  of  chalk,  also  forms  the  summit 
of  the  hills  rising  above  the  southern  cape  of  the  Isle  of  Wight ; 
this  is  separated  from  the  central  ridge  by  a  broad  valley  occu- 
pied by  the  regular  substrata,  and  the  hoiizontal  position  is 
here  resumed.  The  phisnomena  of  this  formation  are  so  beauti- 
lully  displayed  by  the  magnificent  sections  it  exhibits  on  the 
southern  coast,  and  they  are  often  so  highly  interesting  and 
importadt,  especially  in  the  Isle  of  Wight  and  Dorsetshire,  that 
it  appears  desirable  to  consider  them  more  in  detail  than  the 
nature  of  this  general  article  would  allow  :  the  concluding 
section  of  this  chapter  will  therefore  be  dedicated  to  a  particular 
review  of  them. 

(tf)  HeigM  of  hUls^  Sfc»  Chalk  does  not  often  bear  the 
feneral  character  of  a  level  or  flat  country,  but  on  the  contrary 
is  SObject  to  perpetual  utidulation  of  surface,  the  hills  being 
remarkable  for  their  Mnooth  rounded  outline,  and  for  the  deep 
hollows  and  indentations  on  their  sides. 

It  may  be  affirmed  that  the  most  level  tract  of  chalk  in  Eng- 
land 18  on  the  north-east  and  east  of  Cambridge.  Near  that 
place  the  Gogmagog  hills  stretch  in  the  form  of  a  full  moon, 
aitd  the  flatness  of  the  adjoining  country  gives  an  importance  to 
their  inconsiderable  eminences.    (G.  Notes.) 

The  general  character  of  the  surface  of  the  chalk,  as  will  be 
fatliered  from  the  preceding  observations  on  its  range  and 
«3rt:ent,  is  hilly ;  the  hills  having  on  one  side  of  them  a  precipi- 
tons  escarpment,  which  in  the  long  range  extending  from  the 
coMt  of  Yodcshire  to  that  of  Dorsetshire,  is  on  their  north* 
wutem  sWe,  whAe  on  the  south-eastern  they  gently  decloie, 
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and  at  the  distance  of  several  mlleg  are  lost  beneath  the  supers 
mcumbent  strata.     (P.)  > 

It  also  constitutes  a  remarkable  character  in  the  chalk 
ranges  (of  which  numerous  examples  have  been  mentioned  in 
describing  its  range  and  extent)  to  be  frequently  broken 
through  by  transverse  vallies,  giving  vent  to  rivers  often  rising 
in  districts  of  much  less  elevation  beneath  their  escarpment, 
and  among  the  subjacent  strata.  The  low  degree  of  consoli- 
dation possessed  by  this  rock,  has  suffered  it  to  be  more  easily 
acted  on  by  the  causes  (whatever  may  have  been  their  nature) 
which  have  excavated  the  vallies,  and  thus  given  rise  to  the 
above  configuration  of  its  surface.  The  phoenomena  of  thtts^ 
transverse  vallies,  and  the  nature  of  their  connexion  with  the 
longitudinal  vailies  at  the  foot  of  the  chain,  is  such  as  to  over- 
throw completely  the  hypothesis  which  attributes  the  formation 
jof  vailies  to  the  gradual  but  incessant  action  of  the  rivers  now 
flowing  through  them ;  this  point  will  be  further  examined  in 
the  chapter  dedicated  to  this  subject  in  the  sixth  book.    (C.) 

The  highest  summit  of  the  range  in  Yorkshire  is  Wilton 
Beacon,  which  is  809  feet  above  the  level  of  the  sea ;  and  there 
are  several  hills  in  the  range  traversing  the  more  southern 
counties  which  are  nearly  equal,  and  even  superior  to  Willon 
Beacon,  as  well  as  several  in  the  long  ranges,  traversing  Hamp- 
shire, Kent,  and  Surrey  in  an  easterly  direction  and  forming 
the  boundaries  of  the  chalk  basins  of  London  and  the  Isle  of 
Wight  already  described.  The  most  elevated  point  of  the 
whole  is  that  of  Inkpen  beacon  in  Wiltshire,  which  is  1011 
feet  above  the  level  of  the  sea.*     (P.) 

(/)  Thickness^  Sfc,  The  aggregate  thickness  of  the  upper 
and  lower  chalk  is  taken  by  the  Rev.  Mr.  Buckland  in  his 
order  of  superposition,  &c.  as  being  580  feet,  and  the  two  beds 
may  be  assumed  without  much  error,  as  being  of  about  equal 
thickness,  but  they  may  be  supposed  to  differ  considerably  ia 
different  places. 

Near  Dover,  the  chalk  with  numerous  flints  and  that  witk 
;few  flints,  are  together  480  feet  thick,  while  that  withoi|t 

♦  The  extremity  of  the  Chilterns  and  of  the  North  and  South  Downs  is 
every  where  celebrated  for  the  extent  of  their  prospects.  The  boldness  of 
tke  escarpment  and  the  whiteness  of  the  substahce  have  given  the  idea 
of  ornamenting  the  country  in  various  parts  by  cutting  away  the  turf. 
The  white  horse  above  Uffington  in  Berkshire,  occupies  about  an  acre  of 
.ground,  and  may  be  seen  at  some  points  of  view  at  the  distance  of  twelve 
miles  There  is  another  land-mark  of  the  same  kind  at  Chervil  near  Cain* 
hi  WilishJrc,  and  a  third  in  the  neighbourhood  of  Thetford.  On  the  chalk 
-hill  that  faces  Weymouth  is  a  representation  of  his  late  Majesty  Km  horse- 
Jiack«  Near  Cerne  is  a  figure  of  a  giant  holdipg  a  club  in  one  han<)  and 
MtMiding  the  other :  this  colossal  figure  is  180  feet  in  ha^ht.  (G.  Notts.) 
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fiiats  is  oalj  140  feet.  (P.)  At  Handfast  point  on  the  coast 
of  Dorsetshire,  the  flinty  chalk  is  600  feet  thick,  and  that 
without  200  feet,  but  the  peculiar  position^  of  this  stratum 
at  this  place  should  make  us  cautious  of  relying  on  any  esti- 
mate of  its  thickness,  unless  we  are  told  in  what  maimer  it  hac 
been  taken.    {G.  Notes  from  Middleton.) 

Measuring  the  thickness  of  this  formation  in  sections  cacre« 
fully  constructed,  of  several  parts  of  England  in  which  it 
appears,  and  where  the  necessary  data  of  the  general  level  of 
the  surface  and  the  inclination  of  the  beds  are  ascertained  with 
tolerable  precision,  we  may  obtain  an  approximate  result  which 
gives  between  600  and  1000  feet.     (C.) 

The  best  opportunity  that  has  been  afforded  me  of  ascer-> 
taining  the  thickness  of  the  chalk  beds,  is  at  Culver  cliff  in  th« 
Isle  of  Wight,  where  they  are  disposed  vertically.  A  direct 
section  of  these  beds  seems  to  be  about  a  quarter  of  a  mile  (or 
1300  feet),  and  this  is  the  general  breadth  of  central  ridge 
throughout  the  island  except  to  the  west  of  Newport,  where  it 
dilates  and  occupies  a  much  greater  superficial  extent  in  con« 
nequence  of  the  beds  being  inclined  at  a  less  considerable 
angle.     (G.  Notes.) 

The  chalk  has  been  pierced  by  the  well-digger  in  many 
places.  In  Lincolnshire  near  Rathby  300  feet ;  in  Bedford- 
shire (Encyc.  Brit.)  400  feet ;  in  Kent,  near  Sittingbome,  363 
feet ;  in  Surrey,  at  Denbigh  near  Dorking  440  feet ;  in  Hamp« 
shire,  near  Selbome  (White)  300  feet,  (G,  Notes)  :  but  it  is  not 
mentioned  whether  these  wjcIIs  were  sunk  through  the  chalk, 
nor  is  any  distinction  made  between  chalk  with  flints,  and 
without,  and  chalk-marle,  into  which  these  wells  may  have 
penetrated. 

The  flinty  chalk,  as  before  observed,  is  found  forming  the 
Mrface  of  this  deposit  almost  every  where.  In  two  places 
however  it  has  been  found  very  thin.  At  Salcomb  cliff  in 
Devon,  according  to  Polwhele,  it  is  only  three  feet  thick,  and 
at  Branscomb  it  varies  from  1^  to  40  feet  (G.  Notes)  :  which 
may  probably  have  been  occasioned  by  the  destruction  of  the 
tipper  beds,  by  the  action  of  water.  The  flinty  chalk  has  been 
penetrated  beneath  the  beds  of  the  London  clay  and  Plastic 
«lay  formation  at  Stamford  hill,  three  miles  on  the  north  of 
London,  100  feet,  and  160  feet  one  mile  on  the  east  of  Lon- 
don.    (P.) 

(g)  Inclination^  Sfc.  The  dip  of  the  beds  of  chalk  in  the 
l^aeral  is  very  inconsiderable.  Near  Hull  in  Yorkshire  it  is 
live  yards  in  the  mile  towards  the  east.    (G.  Notes.) 

On  the  north-west  side  of  the  London  basin^  as  in  Cam- 
iH'ldgeshire  and  Bedfordshire^  and  about  Devizes  in  Wiltshlr«, 
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tfee  dfp  is  gentle  to  the  sonth-east;  while  on  its  soiif^t^ 
fide,  the  dip  is  to  the  north  and  nofth-east.  At  High  Cl^te  \A 
Wiltshire  and  Faraham  m  Surrey  it  is  towards  the  north 
(G.  Notes),  but  at  Dover  towards  the  north-east,  less  than 
wie  degree  (P.);  the  general  dip  of  the  North  Down^^  ex- 
tending from  Dover  to  GuildfoikJ,  varies  from  IC*  to  15";  m 
the  narrow  ridge  of  chalk  termed  the  Hog's  back,  extending 
from  (*uiIdford  to  Farnham  in  Surrey,  the  dip  is  y^ry  con* 
wderable,  being  above  45^     (G.  T.  vol.  2.) 

The  strata  of  which  the  range  of  hills  called  the  South 
Downs  are  constituted^  and  extending  from  Beechy  head  on 
the  coast  of  Sussex  to  Dorchester  in  Dorsetshire  (and  which 
therefore  form  the  greater  part  of  the  external  limit  of  the  Isle 
0f  Wight  basin)  dip  generally  from  5**  to  15*  to  the  south  ^  the 
kiclination  varying  in  different  places  (G.  T.  vol.  ii.  p.  171)  ; 
and  as  the  beds  of  chalk  in  the  hills  constituting  the  southern 
Hmits  of  the  chalk  basin  of  I^ndon  dip  towards  th^  norths  we 
■light  by  analogy  assume  those  of  the  southern  limits  of  the 
Isle  of  Wight  basin  to  have  the  same  direction  ;  bu6  a  remark^ 
able  deviation  from  that  position  occurs  both  in  the  Isle  of 
Wight  and  on  the  coast  of  Dorsetshire,  for  there  the  beds  are 
»earfy  vertical ;  but  the  phoenomena  there  exhibited  will  be 
better  understood  by  referring  this  consideration  to  the  detailed 
account  of  the  sections  presented  by  the  chalk  cliffs  on  the 
south  coast  in  the  following  section.     (P.) 

(h)  Agricultural  character •  Messrs.  Cuvter  and  Brongniart 
i^present  sterility  as  one  of  the  most  decided  character*  of  a 
ckalk  deposit,  and  mention  Champagne  as  art  instance  of  itii 
soil  being  in  some  cases  absolutely  uninhabitable.  In  this  coun- 
try I  should  suppose  the  population  of  the  chalk  district  less 
than  of  any  other  secondary  rock  4n  proportion  to  its  siie,  but 
though  a  large  pait  of  the  chalk  land  lies  in  common,  I  believe 
there  is  none  absolutely  unproductive ;  but  Dunstable  Downs 
and  Luton  Downs  in  Bedfordshire,  and  the  Warden  White  hills 
form  a  tract  of  4000  acres  almost  in  a  state  of  nature.  The 
▼allies  are  often  extremely  fertile,  so  much  so  that  in  Kent  and 
Surrey  many  hop  grounds  are  situated  upon  this  description  of 
soil,  and  the  downs  afford  excellent  pasturage  for  sheep.  A 
#halk  soil  is  favorable  to  the  growth  of  sarifoin  and  clover,  and 
if  weU  manured,  becomes  good  land  for  turnips,  barley,  and 
"wheat.  The  red  chalk  of  the  Wolds  north  of  Louth  in  Liw- 
eolnshire  is  considered  excellent  for  turnips  and  barley.  (G. 
Notes.  Line,  Agr.  Survey.)  The  beech  is  the  tree  best  adapted 
to  a  chalky  soil.  It  may  be  seen  growing  in  great  luxuriatiee 
*t  Knockholt,  Tring,  Henley,  Fateham,  Norbury,  &c,  Hun- 
wanby  is  Well  wooded  notwithfUmding  its  proxwmty  to  th«  se«. 
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Tfec  ChilterB  4iilte  ia  X>9t{<>rdBlHPe  were  formerly  eavered  widi 
thickets  and  woods  of  beech,  and  afforded  harbour  to  nu^meroijis 
bwiditii.  Hence  the  office  of  steward  of  the  Chiltem  hundreds, 
now  become  a  nominal  office,  the  occupaocy  of  which  howeyer, 
as  it  «is  held  under  tlie  erown,  enables  a  meoiber  to  vacate  fail 
s^eat  in  parUaroent.  (Camper's  Diet*)  Box  hill  in  Surrey  ba$ 
received  its  name  from  the  iuxurian^ce  of  the  box  wood  growing 
Uipon  it,  and  which  is  to  be  met  with  all  the  way  thence  t^ 
Guildford.  The  excellence  of  the  soil  covering  chalk  is  w^ll 
]^own  to  the  frequenters  of  Epsom  and  Newmarl^et.  (G« 
Notes.) 

{«)  Ph(Bnomena  of  springs  and  zoells  in  this  formation.--^ 
The  following  observations  on  this  head  are  extracted  from 
Tj/fx.  Middleton's  memoir  in  the  Monthly  Magazine*     (C.) 

The  lower  beds  of  the  chalk  formation,  and  every  fissure  ia 
them,  are,  with  few  exceptions,  completely  filled  with  water. 
All  the  rain  and  snow  which  fell  upon  chalk,  percolate  downi* 
wards  to  the  base,  where  the  water  is  stopped  by  a  subsoil  of 
l^lu^  ciaj?  ^^^  ^hat  occasions  it  to  accumulate  in  the  chalk, 
i^til  it  rises  to  such  a  height  as  doth  enable  it  to  flow  over  the 
surface  of  the  adjoining  land.  In  this  manner  are  formed  the 
springs  and  rivulets  which  issuje  near  the  foot  of  every  chalk 
hill*  In  the  Cove  at  Wast-Lulworth,  fine  fresh  water  streams 
form  the  base  of  the  adjoining  mountain  of  i^halk,  just  above 
the  level  of  the  sea.  The  water  which  issues  from  the  chalk 
^i  Croydon,  Beddington  and  Carshalton,  forms  the  river  Waa* 
die,  and  the  same  thing  happens  at  ether  places. 

Mr.  Hilton  Joliie  m^de  a  culvert  several  hundred  yards  in 
length,  from  a  level  so  low  as  fo  pass  through  his  works  in  the 
chalk  at  Mersthain  in  §^rr{ey,  by  which  a  rivulet  of  water,  suf« 
ficient  to  ti^m  a  mill,  h  qE>nstant1y  running  pff.  It  cost  a  con* 
siderable  sum  of  money^  all  which  it  is  believed  might  have 
keen  saved,  by  the  easy  opemtion  of  boring  a  few  yards  in 
depth,  through  the  subsoil  of  blue  cl^y,  into  the  sand  which 
lies  under  it.  This  culvert  drains  the  water  off  in  such  a  man** 
ner  as  to  enable  him  to  raise  the  lower  beds  of  the  chalk  stra<* 
turn.     (Middleton.  Monthly  Mag.  Nov.  1812.) 

We  have  before  observed  that  most  of  the  rivers  which  tr^ 

Terse  this  formation,  rise  in  the  older  rocks  beyond  its  escarp.* 

ment,  and  flow  through  valleys  excavated  across  its  chain  ;  the 

.fiscmred  and  porous  character  of  this  rock  in  fact  prevents  itt 

f  ivkig  rise  to  any  considerable  springs.     (C.) 

Two  exceptions  to  this  general  rule  have  however  already 
been  mentioned,  and  will  be  found  in  the  section  presented  bjr 
the  sinking  of  Liptrap  &  Smith's  well  at  their  distillery  on« 
mile  0^  the  east  of  Ii(?ndon,  (page  45);  by  whi^h  it  iviU  b« 
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observed  tbat,  according  to  the  report  of  the  engineer  irfeo 
superintended  the  sinking  of  the  well,  the  springs  found  in  tke" 
chalk,  which  was  bored  into  160  feet,  were  more  copious,  and 
rose  to  the  same  height  as  the  springs  found  in  the  beds  of  the 
Plastic  clay  formation  overlying  it.  A  considerable  spring  of 
pure  water  issues  from  the  chalk  at  foot  of  the  cliff  on  which 
Dover  castle  stands,  discoverable  only  at  low  water,  and  judg- 
ing from  its  situation,  it  may  be  considered  as  issuing  from  be- 
tween the  chalk  with  few  flints,  and  that  without  flints,  whrch 
are  separated  by  a  bed  of  soft  chalk-marle.  The  well  withia 
the  walls  of  the  castle,  said  to  be  400  feet  deep,  but  in  which 
the  water  stands  a  very  inconsiderable  height,  is  probably  sup- 
plied from  the  same  source.  A  copious  spring  of  water,  called 
Lidden  spout,  runs  from  the  grey  chalk  between  Dover  and 
Folkstone.     (P.) 

Although  two  springs  issued  from  the  chalk  as  above  recited, 
•n  the  east  of  London,  and  within  125  feet  from  its  surface,  n# 
spring  was  found  by  boring  100  feet  into  it  at  Stamford  hill, 
three  miles  on  the  north  of  the  metropolis ;  and  it  is  said  that 
at  Royston  in  Hertfordshire,  it  has  been  penetrated  to  the 
depth  of  400  feet  without  finding  water.    (P.) 

The  occasional  absorption  of  the  Mole  in  a  part  of  its  course, 
where  running  between  the  chalk  hills  of  Surrey,  perhaps  de- 
serves to  be  noticed,  especially  as  Combden  and  Pope  have 
exaggerated  the  circumstance  into  its  occupying  a  constant  sub- 
terraneous channel.  The  following  account  of  this  river  is  from 
Manning's  history  of  Surrey.    (C.) 

^  The  Mole,*  says  Camden, '  coming  to  White  hill  (the  same 
probably  that  now  is  called  Box  hill)  hides  itself,  or  is  rather 
swallowed  up,  at  the  foot  of  the  hill  there ;  and,  for  that  rea- 
son, the  place  is  called  the  Swallow;  but,  about  two  mile« 
below,  it  bubbles  up  and  rises  again ;  so  that  the  inhabitants 
of  this  tract,  no  less  than  the  Spaniards,  may  boast  of  having  a 
bridge  that  feeds  several  flocks  of  sheep.'  From  this  fabulous 
account,  plainly  founded  on  an  idea  suggested  by  common  re- 
port, the  reader  might  be  led  to  imagine  that  the  river  actually 
disappears  at  this  place — forms  a  channel  beneath  the  surface 
of  the  earth,  and  at  a  certain  distance  rises  again,  and  pursues 
its  course  above  ground.  But  the  truth  of  the  matter  seemsf 
to  be  this.  The  soil,  as  well  under  the  bed  of  the  river,  as 
beneath  the  surface  on  each  side,  being  of  a  spongy  and  porous 
texture,  and  by  degrees  probably  become  formed  into  caverns 
of  different  dimensions,  admits,  through^  certain  passages  in  the 
banks  and  bottom,  the  water  of  the  river.  In  ordinary  seasons 
these  receptacles  being  full,  as  not  discharging  their  contents 
faster  than  they  are- supplied  by.  the  river,  the  wstter  of  the 
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river  does  not  subside,  and  (he  stream  suffers  no  diminution. 
But  in  times  of  drought,  the  water  •x  ithin  these  caverns  being 
gradually  absorbed,  that  of  the  river  is  drawn  off  into  them ; 
and,  in  proportion  to  the  degree  of  drought,  the  stream  is  di- 
minished. In  very  dry  seasons,  the  current  is  in  certain  places 
(particularly  at  Burford-bridge,  near  Box  hill,  and  a  little 
lower,  between  that  and  Norbury  park  gate,  and  at  that  gate 
and  Norbury  meadows)  entirely  exhausted,  and  the  channel 
remains  dry,  except  here  and  there  a  standing  pool.  By  the 
bridge  at  Thomcraft  it  rises  again  in  a  strong  spring,  and  after 
that  the  current  is  constant.  At  a  place  called  the  Way-pool, 
near  the  turnpike-gate,  but  on  the  side  of  the  river  next  to  Box 
hill,  the  method  in  which  the  water  is  thus  drawn  off,  is  visible 
by  the  observer.  It  hath  here  formed  a  kind  of  circular  basin 
about  30  feet  in  diameter,  which  is  supplied,  in  the  ordinary 
state  of  the  current,  by  an  inlet  from  the  river  of  about  two  feet 
in  breadth,  and  one  in  depth.  This  inlet  being  stopped,  the 
water  in  the  basin  is  soon  observed  to  subside ;  and,  in  less 
than  an  hour,  totally  disappears :  when  the  chasms,  through 
which  it  passes  off,  at  different  depths  from  the  upper  edge  of 
the  bank  may  be  easily  discerned.  And,  from  this  circum- 
stance of  betaking  itself  occasionally  to  these  subterraneous 
passages,  the  river  probably  derived  its  present  name  of  the 
Mole.  In  more  ancient  times  it  seems  to  have  been  called  the 
£mlay.     (Manning's  Surrey,  vol.  I.  iii.) 

Near  the  bottom  of  Hawke's  hill  is  a  large  pond,  formed  by 
several  strong  springs,  which  are  seen  in  many  places  rising 
from  its  bed  with  strong  ebullitions.  It  turns  a  mill,  capable 
of  grinding  20  loads  of  com  a  week,  and  in  a  few  yards  runs 
into  the  river  Mole.     (Mannuig's  Surrey,  vol.  I.  p.  482.) 


Section  HI. 

.Particular  riea)  of  the  Sections  of  this  Formation  in  the 
cliffs  of  the  southern  coast. 

'  We  have  already  observed  that  the  sections  of  this  format 
tlon,  exhibited  in  the  many  magnificent  ranges  of  cliffs  on  the 
scNithern  coast  which  result  from  them,  and  whence  our  island 
is  supposed  to  have  derived  one  of  its  earliest  names,  are  so  im- 
portant as  to  demand  a  particular  etamination,  and  on  this  we 
now  propose  to  enter.     (C>) 
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(a)    ISLE  OF  THANET.* 

Commencing  our  examination  on  the  east,  these  natural  difi- 
plays  of  the  interior  of  this  formation  will  be  found  to  com- 
mence in  the  Isle  of  Thanet,  which  is  entirely  composed  of  this 
rock,  the  section  of  which  forms  continuous  lines  of  low  cliffs 
along  the  northern  and  eastern  borders,  rapidly  worn  away  by 
the  action  of  the  sea,  and  often  in  consequence  presenting  fan- 
tastic appearances  of  detached  pillars.  The  north-eastern  cape, 
called  the  North  Foreland,  forms  the  loftiest  point ;  the  cliffs 
here,  however,  are  only  between  100  and  200  feet  in  height : 
between  this  point  and  Margate,  the  lowest  strata  are  exhibited, 
the  chalk  without  flitits  making  its  appearance:  hence  the  strata 
gradually  decline,  though  under  an  imperceptible  angle,  towards 
the  south-west,  in  which  direction  the  upper  beds  of  the  chalk 
sink  and  disappear  beneath  the  more  recent  formations,  which 
intervene,  and  separate  this  chalky  tract  from  the  main  chain 
of  the  North  downs  of  Kent. 

On  the  south  of  the  Isle  of  Thanet,  a  flat  tract  of  this  cha* 
racter  extends  beyond  Deal,  to  Walmer  castle,  where  the  cliffs 
of  the  South  Foreland  emerge  and  gradually  gain  an  imposing 
height,  through  a  tract  of  15  miles  to  the  south-west,  ranging 
by  Dover  towards  Folkstone. 

These  cliffs  afford  one  of  the  best  opportunities  for  studying 
the  chalk  formation  which  can  any  where  be  found  ;  they  have 
been  particularly  described  in  a  memoir  communicated  to  the 
Geological  Society;  and  as  the  observations  there  given  appear 
to  contain  a  more  minute  examination  of  the  several  constituent 
strata  than  has  been  made  elsewhere^  a  great  part  of  it  is  here 
inserted. 

(6)    CLIFFS  EAST  AND  WEST  OF  DOVER,  f 

A  natural  section  of  the  chalk  is  presented  by  the  cliffs 
extendmg  from  Dover  aboHt  eight  miles  eastward  towards 
Deal,  and  five  miles  westward  towards  Folkstone. 

The  Mghest  point  of  the  range  is  in  the  immediate  neigh- 
bourhood of  Folkstone,  about  a  mile  north  of  the  town,  and 
is,  according  to  the  survey  published  by  the  Board  of  Ord- 
nance, 575  feet  above  the  level  of  the  sea.  From  the  signal- 
house  above  Folkstone,  the  depression  of  the  cliff  to^^rards 
Dover  is  very  gentle.  The  hill  on  which  Dover  Castle  stands, 
is,  at  its  highest  part  near  the  Turnpike,  390  feet  high : — and 
If  we  suppose  the  cliff,  where  the  castle  walls  terminate,  to  be 

*  By  the  Rev.  W.  D.  Conybearc. 
+  From  theTranwctiws  of  the  Geological  Society,  vol.  5. 
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50  feet  lower,  which  must  be  near  the  fact,  we  shali  assume  it 
U>  be  in  that  place,  340  feet  high.  From  this  place,  the  clifif, 
generally  speaking,  declines  in  height  gradually  towards  Deal, 
terminating'  about  a  mile  from  that  place,  and  disappeariuj^ 
near  Walmer  Castle,  beneath  rubble  and  alluvial  matter  wkli 
which  it  is  there  covered  to  the  depth  of  15  or  20  feet.* 

In  this  long  range  of  cliffs,  which  in  many  places  forms  an 
immediate  barrier  to  the  sea,  it  is  not  to  be  expected  that^ 
•very  part  should  be  equally  accessible  to  investigation.  Be- 
tween Deal  and  Dover  there  is  but  little  difficulty,  nor  for 
nearly  half  the  way  from  Dover  towards  Folkstone ;  but  in  the 
latter  half  of  that  distance,  an  immense  fall,  or  rather,  it 
should  seem,  repeated  falls  have  taken  place ;  so  that  that 
part  of  the  cliff  of  which  the  beds  remain  in  situ^  is,  at  its 
extremity  beneath  the  signal-house,  nearly  a  mile  from  the 
shore.  The  ruin  lying  between  this  cliff  and  the  sea,  for  abcrut 
three  miles  in  length,  affords  scenery  inferior  in  beauty  U^  the 
'^  Un.dercliff "  of  the  Isle  of  Wight,  only  because  from  its  want 
•f  soil,  it  is  less  susceptible  of  cultivation ;  while  from  the 
same  cause  its  grandeur  is  more  striking.  The  greater  part  of 
it,  however,  is  sufficiently  covered  by  herbage  to  have  become 
a  pasturage  for  cattle.  The  cliff,  bounding  this  ruin  towards 
Ae  sea,'  is  from  itt  positioB,  evidently  not  in  siiuj  and  it  is 
equally  clear  that  the  enormous  masses  of  which  it  is  con- 
posed,  have  fallen  forward  from  near  the  summit  of  the  cliff 
in  situ. 

In  the  less  precipitous  parts  of  the  cliff,  and  particularly 
4dong  that  part  of  it,  between  which  and  the  sea  the  ruin  li«s, 
it  is  in  a  considerable  degree  covered  by  herbage ;  which 
however  docs  not  prevail  so  greatly  as  to  prevent  the  obser- 
vation, that  it  is,  throughout  its  whole  length  from  Walmer 
Castle  to  Folkstone,  very  distinctly  stratified ;  that  the  strata 
are  numerous,  regular,  and  perfectly  defined,  although  from 
the  nature  of  the  cliff  it  is  not  possible  every  where  to  trace 

*  Almost  the  whole  line  of  these  clifft  it  more  or  lew  covered  by  allu- 
▼ium,  but  of  two  sorts;  one  consisting:  of  a  red  sand  or  sandy  marie,  ocea- 
tionally  containing  spangles  of  mica  and  very  considerable  quantities  oi 
broken  flint,  detached  doubtless  by  remote  causes  from  the  bed's  of  tke 
upper  chalk  which  once  enclosed  them,  and  which  have  been  destroyed. 
This  alluvium  prevails  most  near  the  signal-house  on  the  summit  of  the 
eliff  above  Folkstone :  and  it  is  seen  in  many  places  filling  up  the  gullies  or 
4eep  indentations  made  below  the  surface  of  the  chalk,  most  probably  by 
the  action  of  water.  The  other  variety  of  alluvium  consists  of  a  greyisk 
«arth,  enclosing  small  rounded  portions  of  chalk  and  occasionally  of  fimt  ; 
bat  between  this  latter  and  the  chalk  in  situ,  are  occasionally  visible  con- 
siderable depoMts  of  chalk  rubble,  as  on  the  summit  of  the  low  cliff  on  tne 
west  of  Dover,  and  n^ar  St.  Margaret's  bay  on  the  east.    (G.  T.  vol.  v.) 
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the  stratiiication.  The  chalk  with  numerous  iimts,  that  with 
few  flints^  that  without  flints,  and  the  grey  chalk,  all  ap^ar 
in  the  course  of  thijs  rfuige ;  and  with  them  are  connected  some 
beds  consisting  wholly  of  organic  remains,  that  have  not  beem 
described  as  occurring  in  other  places.  The  strata  Ire  in  the 
following  order,  and  are  collectively  about  S20  feet  thick. 

1  St.  The  Chalk  with  numerous  Jlints ;  it  is  about  360  feet 
thick,  and  may  be  thus  divided  :  j 

I.'  With  few  organic  remains,  («)  of  the  sketch  beneath, 

lying  up(m 
II.  A  bed  conjsi^ting  chiefly  of  organic  remains ;  in  which 
numerous  flints  of  peculiar  forms  are  interspersed  ; 
and  a  few  beds  of  flint  run  along  it.    This  bed  (b)  Li 
termed,  the  Chalk  with  interspersed  Jlints, 

2d.  The  Chalk  with  few  flints ;  This  stratum  (c)  is  about 
130  feet  thick. 

3d.  The  Chalk  without  Jlints  is  140  feet  thick,  and  consists  of 
I.  A  stratum  containing  very  numerous  and  thin  beds  of 

organic  remains,  (d)  90  feet  thick. 
II.  A  stratum  about  50  thick,  with  few  organic  remain8.(6) 

4th.  The  Grey  Chalk ;  this  is  estimated  to  be  not  less  than 
200  feet  in  thickness.  (/).  * 


Shak8peare*s  Cliff. 

The  aboTe  sketch  (which  includes  Shakspeare's  cliff  and 
about  a  mile  on  the  west  of  it)  exhibits  the  actual  position  of 
all  the  beds,  but  the  bed  (a)  forms  the  principal  part,  of  the 
cliff  at  Dover  Castle. 

The  cliffs  do  not  run  in  the  same  direction  throughout  their 
whole  length.  From  the  signal-house  above  Folkstone  to  the 
South  Foreland,  their  general  bearing  is  north-east  by  east ; 
from  the  latter  place  the  cliff  is  somewhat  curved  to  St.  Mar-, 
garet's  bay ;  whence,  to  Walmer  castle,  the  direction  is  nearly 
due  north.  Although  the  stratification  is  every  where  visible  In 
a  greater  or  less  degree,  it  is  best  observed  by  tracing  the  junc<« 
tion  of  the  chalk  without  flints,  with  the  superincumbent  bed 

^»  Coast  of  Prance* 
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of  ^gmilC  cemaUiS*  This  is  visible  with  little  tnteimptioB  for 
five  miles,  from  the  «gnal*hoiise  above  Folkstene  to  the  foot  of 
S^iakspeare's  Cliff,  in  which  distance  it  dips  only  alKmt  900 
(eet,  in  the  direction  of  north-east  by  east. 

Proceeding  from  St.  Margaret's  Bay,  the  beds  of  flint  appear 
^  have  nearly  the  same  dip  towards  the  north :  whence  it 
may  be  concluded,  that  thexhalk  strata  in  the  neighbourhood 
ff  Pover^  dip  somewhat  less  tban  a  degree  towards  a  poi&t 
between  north-east  by  east  and  north. 

CHALK  WITH  KUMER0U8  FLIMT8. 

I.  With  few  Organic  remains, 

Th^  low  range  of  cliff  between  Walmer  Castle  and  St.  Mar* 
§^jpeVs  Bay,  being  about  Ave  miles  long  from  north  to  soutk, 
f  ensists  altogether  of  the  chalk  with  numerous  flints.  The  rite 
ef  the  cliff  jb  gradual ;  its  highest  part  being  that  immediately^ 
contiguous  to  St.  Margaret's  Bay^  where  it  scarcely  attains  200 
feet  in  elevation.  In  consequence  of  its  nearly  uniform  hard« 
ness  from  the  base  to  the  summit,  it  is  almost  precipitous,  and 
suffers  but  little  from  decay  or  casual  fall ;  but  it  is  so  low  in 
some  places,  as  at  Kingsdown  Bay  for  instance,  as  scarcely  ta 
exceed  ^  feet  above  the  beach.  The  beds  dT  flints  are  fre- 
quent and  thin,  being  on  an  average  scarcely  two  feet  apart ; 
and  the  flints  are  obviously  separate  from  each  other.  But  a 
remarkable  deviation  from  this  general  rule  is  observable  im- 
mediiUiely  on  the  west  of  St.  Margalret's  Bay ;  where  a  coa- 
tinuoijis  stratum  of  flint,  about  an  inch  and  a  half  thick,  rises 
from  the  beach,  and  is  readily  traced  at  least  two  miles  from 
that  bay :  soon  afterwards  another  rises  which  is  about  half  an 
inch  thick,  and  is  visible  for  nearly  a  mile  about  20  feet  belo^^ 
the  former. 

Quitting  St.  Margaret's  Bay  for  Dover,  the  chalk  with  nu« 
melxms  flints  appears  to  rise  gradually  ;  forming,  at  the  latter 
place,  when  viewed  from  the  shore,  apparently  about  one- 
third  the  whole  height  of  that  part  of  the  cliff  upon  which  the 
castle  stands.  Soon  after  leaving  St.  Margaret's  Bay,  the  beds 
of  flint  begin  to  increase  in  distance  and  in  thickness ;  in  th€^ 
latter  respect  they  go  on  increasing  to  that  part  of  the  eliff 
which  is  immediately  beneath  the  castle;  where  the  thick 
beds,  protruding  at  least  two  feet  beyond  the  chalk,  give  rise 
to  the  idea  of  their  consisting  each  of  one  mass  of  flint,  but 
which  their  rugged  edges,  as  viewed  from  below,  seem  to 
render  at  least  doubtful.  Some  of  t^^tese  beds  exceed  a  foot 
in  thickness. 
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The  chalk  with  numerous  flints  is  again  visible  on  the  height 
tvestof  the  castle,  at  a  still  greater  eleyation.  That  it  formf 
th«  upper  part  of  this  height^  was  proved  in  making  the  ex- 
tensive fortifications  on  its  summit,  as  well  as  the  openingi  a 
little  beneath  it,  immediately  below  the  citadel,  which  were 
intended  for  the  reception  of  some  part  of  the  troops  stationed 
at  Dover  during  the  war.  These  openings  {a  of  the  precedihg 
iketch)  are  iu  an  unfinished  and  ruinous  state,  but  they  served 
to  evince  an  interesting  fact.  Each  of  these  four  chambers  is 
driven  into  the  hill  about  100  feet,  and  is  perhaps  ^0  wide 
and  1 5  feet  high ;  and  in  each,  the  only  roof  left  to  support 
the  superincumbent  chalk  is  a  bedy  not  of  flints  ^  hut  of  flinty 
the  whole  is  one  nearly-continuous,  though  not  regularly  tabu- 
lar and  evenly-disposed  mass.  The  belief  of  the  existence  of 
this  fact,  in  regard  to  at  least  many  of  the  beds  of  flint  m  the 
upper  chalk  near  Dover,  was  previously  entertained,  by  observ- 
ing the  workmen  on  the  shore  cleave  several  blocks  of  chalk, 
each  eight  or  ten  feet  square,  close  to  the  beds  of  flint  passing 
through  them ;  and  in  every  instance,  examination  proved  that 
the  flint  of  each  bed  so  exposed,  was  connected  together :  not 
that  it  formed  one  plane  surface  ;  but,  though  varying  in  thick- 
Bess  from  six  to  18  inches^the  flint  would,  if  it  could  have  been 
taken  off  whole,  have  exhibited  occasional  cavities,  which,  col- 
lectively, would  have  formed  but  a  small  proportion  of  the  whole 
surface.  A  man  who  had  been  employed  on  this  work  durhi|r 
eighteen. years,  asserted  that  he  had  always  observed  the  same 
fact. 

The  flint  thus  exposed  for  the  first  time,  is  sometimes 
cracked  through  in  several  places,  from  one  cavity  to  the  next : 
and  the  fractured  surface  always  appears  more  or  less  white 
and  opake.  Such  a  fracture  seems  explicable  only  by  the  sup- 
position of  a  contraction  having  taken  place  in  the  flint  while 
in  its  natural  position.  Nor  does  it  appear  at  all  improbable 
that  a  contraction  had  actually  taken  place.  Flint  newly  dis- 
engaged from. its  natural  bed,  is  much  more  brittle,  requires  a 
much  lighter  blow  to  break  it,  than  flint  that  has  been  long 
exposed.*  This  may  perhaps  be  owing  to  the  moisture  or 
water  belonging  to  the  flint  in  its  natural  state,  but  which  it 
loses  in  great  measure  by  the  joint  action  of  the  air  and  sun. 

As  the  opake  white  substance,  which  in  some  cases  only  sur* 
rounded  the  edges  of  the  fractured  surface,  did  not  project 

'-  *  The  flint  gravel  uoed  for  mending  the  roads  round  I^ondon,  is  in  smne 
places  providently  taken  from  the  pit  some  time  before  k  is  wanted,  and 
exposed  to  the  action  of  the  air  and  sun:  for  this  practice  the  alleged  rea- 
son is,  that  it  hardens;  which,  probably  is  the  foct. 


Digitized  by 


Google 


Sect.  III.    Sections — Doner*    ■.  >  9S 

beyond  the,  central  part,  still  retaining  the  black  colour  of  the 
internal  part  of  the  flint,  it  is  clear  that  it  was  not  a  coating; 
but  on  the  contrary,  this  circumstance  seems  to  furnish  strong, 
if  not  conclusive  evidence  of  its  being  the  consequence  of  dis- 
iategration,  proceeding  from  causes  that  have  not  hitherto  been 
explained.  .The  alluvium  of  the  surrounding  country  corrobo- 
rates the  supposition ;  every  where  it  includes  a  multitude  of 
fragments  of  flint,  the  broken  surfaces  of  which  always  exhibit 
the  same  appearance  of  disintegration. 

It  is  also  to  the  progress  of  disintegration  that  we  are  te 
mcribe  the  existence  of  the  white  opake  coating  by  which  the 
mass  of  every  flinty  stratum  is  more  or  less  covered,  while  yet 
in  its  natural  bed.  In  no  instance  did  there  appear  any  well 
defined  line  of  separation  between  the  flint  and  the  opake  coat- 
ing, which  not  unfrequently  is  half  an  inch  thick,  and  which 
by  exposure  to  the  sea  becomes  more  compact,  and  hard  enough 
to  admit  of  a  conchoidal  fracture.  Between  its  outer  surface 
and  the  black  flint,  it  is  not  uncommon  to  observe  two  or  three 
thin  bands  of  flint.  •  If  the  white  substance  be  the  consequence 
of  disintegration,  it  seems  remarkable  that  these  bands  should 
have  been  thus  left  untouched.  In  order  to  ascertain  the  na- 
ture of  the  white  substance  surrounding  the  flint,  three  portions 
were  selected  with  care.  One  from  without  the  band — another 
from  between  the  band  and  the  flint — and  the  third  of  one  io 
which  there  was  no  band.  These  my  brother  took  with  a 
view  to  determine  what  proportion  of  each  consisted  of  lime^ 
m.  case  any  should  be  found.  The  two  first  consisted  wholly 
of  siliceous  matter ;  the  last  of  86  per  cent,  of  silica  and  14  of 
carbonate  of  lime.  All  the  fragments  were  of  a  granular  tex- 
ture, and  sufficiently  hard  to  cut  glass  ;  each  also  left  a  whitisk 
stresik  on  the  finger  when  rubbed  with  considerable  pressure 
upon  it ;  the  last  in  the  greatest  degree. 

X^arge  fragments  of  striped  flint  of  a  grey  colour  are  often 
discoverable  among  those  which  have  been  taken  from  the  in- 
ferior beds  in  the  upper  chalk,  but  they  frequently  contain  a 
nucleus  of  black  flint,  from  which  the  grey  stripes  diverge  as 
from  a  common  centre. 

Such  flints  as  are  interspersed  in  the  chalk  of  the  stratum 
with  numerous  flints,  have  usually  some  organic  appearance. 
.They  are  occasionally  found  in  pear-shaped  masses  resembling 
^e  head  of  the  alcyonium ;  sometimes  in  the  form  of  nearly 
perfect  spheres,  which  are  solid,  and  do  not  commonly  exceed 
half  an  inch  in  diameter,  but  are  often  much  less.  Others  of 
no  particular  external  form,  have  internal  cellular  or  ramifying- 
eavdties  which  seem  to  indicate  the  same  origin.  Others  again 
secfn,so  decidedly  to  have  been  formed  around  sponges^  th*t 
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tiie  flmt  kas^entored  all  the  ramifications,  the  forms  of  whjcM 
tk«refore  reiilaiD. 

It  is  not  uncommon  to  find  flints  mclosing  many  of  the  shells 
observable  in  the  chalk,  and  Impressions  of  the  few  varieties  of 
•chinas  common  to  that  of  Dover,  the  shells  having  been  re* 
placed  by  carbonate  of  lime,  er  the  space  they  once  occupied 
'being  left  yacant ;  so  that  the  internal  cast  of  the  shell,  v^hicK 
is  of  flint,  is  vk  some  cases  connected  with  the  surrounding 
mass  by  fine  filaments  of  siliceous  matter,  arranged  precisely 
in  the  order  of  the  small  perforations  commonly  visible  in  the 
shell,  which  therefore  must  have  been  formed  while  the  shell 
was  yet  entire.  Shells  enclosed  in  flint  are  usually  filled  with 
the  same  substance ;  if  only  adhering  to,  or  partially  imbedded 
in  it,  they  are  generally  filled  with  chalk. 

About  40  feet  below  the  summit  of  the  cliff  beneath  the 
castle  walls,  lies  a  bed  of  a  substance  greatly  resembling  hard 
chalk  marie,  parallel  to  the  beds  of  flint.  It  is  about  18  inches 
thick,  and  is  distinguishable  from  below  by  its  being  of  a 
brownish  yellaw  colour ;  and  being  harder  than  the  chalk,  it 
protrudes,  presenting  a  rugged  knotty  surface.  Such  portions 
of  it  as  fall,  are  collected  by  the  lime-burner,  who  can  convert 
them  into  lime  only  by  using  coal,  instead  of  the  ashes  usually 
«aaployed  in  the  burning  of  chalk.  Between  this  bed  and  the 
summit,  a  horizontal  crevice  is  visible  in  the  chalk,  indicating 
the  presence  of  a  bed  of  chalk  marie.  Several  other  beds  of 
hard  chalk  marie  are  visible  in  the  upper  chalk  east  of  the 
castle,  between  the  beds  of  flint. 

II.  Bed  of  Organic  Bemains  with  interspersed  Flints. 

'  When  viewing  the  middle  part  of  the  cliff  from  its  bas« 
beneath  Dover  castle,  a  singular  roughness  is  visible.  By 
ascending  the  green  slope  of  some  ruin,  it  will  be  found  to 
proceed  in  a  great  degree  from  its  having  inclosed  a  vast  mul- 
titude of  organic  bodies  of  various  kinds,  amongst  which  the 
remains  of  a  few  varieties  of  the  echinus,  and  the  ochreons 
marks  of  some  varieties  of  sponge,  are  extremely  frequent.  In 
fMirt  also  the  ruggedness  proceeds  from  a  vast  number  of  small 
flints  irregularly  interspersed  through  the  bed,  but  which  are 
»ot  visible  from  below,  because  such  parts  of  them  as  are  ex- 
posed partake  of  the  colour  of  the  bed ;  for  being  separate, 
and  mostly  small,  they  do  not  commonly  shew  amy  fracture. 

The  numerous  knotty  projections  of  this  part  of  the  cliff  are 
much  harder  than  chalk  commonly  is,  and  than  that  in  whiek 
they  are  imbedded.  These  remains  of  organic  bodies  do  not 
lie  in  thin  or  separate  beds;  but  form  one  large  bed,  occupy - 


Digitized  by 


Google 


Sect.  III.    Sections — Dover.  97 

hig  about  one-third  part  of  the  whole  height  of  the  cliff  beneath 
the  castle,  and  in  the  centre  of  it. 

The  beds  of  flint  lying  immediately  above  this  bed  of  organic 
remains,  are  less  frequent  and  much  thinner  than  those  which 
are  nearer  to  the  summit  of  the  cliff,  and  some  beds  of  flint  are 
visible  among  the  organic  remains.  Indeed  there  does  not  ap-* 
pear  any  decided  line  of  separation  between  this  bed  and  th« 
superincumbent  chalk  with  numerous  flints  ;  and  hence  we  maj 
consider  this  bed,  though  it  contains  comparatively  very  few 
beds  of  flint,  as  the  lower  part  of  the  chalk  with  numerous 
flints. 

The  whole  bed  has,  from  belowj  a  greyish  appearance  ;  and 
Iby  this  it  may  be  traced  by  the  eye  for  at  least  two  miles, 
dipping  gently  in  its  course,  which  terminates  at  the  foot  of 
the  cliff  just  at  St.  Margaret's  bay,  four  miles  on  the  east  of 
Dover.  It  may  be  seen  along  the  cliff  at  the  back  of  the  town 
of  Dover,  and  is  visible  west  of  it  as  forming  the  upper  part 
of  Shakspeare's  cliff,  and  terminating  on  the  summit  of  the  cliff 
about  two  miles  beyond  it.  Its  run  is  discoverable,  not  by  the 
exterior  roughness  alone,  but  also  by  the  presence,  near  the 
bottom  of  it,  of  two  parallel  and  rather  thick  beds  of  flint, 
which  are  about  four  feet  apart,  and  may  be  seen  along  the 
whole  course  of  the  bed,  as  it  has  been  described.  Between 
these  beds  of  flint,  lies  a  thin  bed  of  soft  marie,  which,  be- 
coming friable  and  crumbling  away  by  exposure,  leaves  a  cre- 
vice which  accompanies  the  beds  of  flint,  and  which  is  visible 
for  the  greater  part  of  their  run;  and  a  similar  bed  is  visible 
parallel  to  it,  about  three  feet  beneath  the  lower  bed  of  flint. 

The  newly  broken  parts  of  such  masses  as  fall  from  this 
stratum  on  the  beach,  shew  that  the  chalk  of  it  is  yellower 
internally  than  the  superincumbent  chalk  with  numerous  flints, 
which  is  very  white  ;  they  are  also  extremely  rugged,  and  th« 
more  prominent  parts  are  much  harder  than  chalk  commonly 
h.  It  is  impossible  to  detach  any  of  the  numerous  inequalitii^s 
on  these  masses,  without  discovering  some  organic  appearance.' 
Some  resembled  vegetable  stems  coated  with  chalk  of  a  dif- 
ferent colour.  There  often  appears  a  cylindrical  mass  of  whitish 
'  ehalk,  surrounded  by  concentric  coatings  of  the  same  sub- 
stance of  a  darker  colour,  which  sometimes  amounted  to  ten 
m  number.  Ochreous  traces  of  several  varieties  of  sponge  are 
likewise  visible  ;  but  by  far  the  greater  number  of  the  project- 
ing portions  consist,  when  detached,  of  shapeless  masses  of 
chalk  which  are  considerably  hard,  and  which  in  some  respect 
or  other,  either  by  exhibiting  a  slightly  porous  texture,  or  a 
flftriated  surface,  always  induced  the  belief  of  organic  orrgin.. 
'fliese  ttlriated  portions  are  v«ry  hard  within;   th«  external 
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striae  are  sometimes,  very  regular.  Among  other  organic  re- 
mains afforded  by  these  masses,  was  extricated  the  cast,  m 
chalk,  of  a  small  nautilus,  which  had  not  been  previously 
discovered  in  the  upper  chalk. 

Such  is  the  general  hardness  of  this  bed,  that  the  workmen 
employed  in  blasting  the  cliff,  and  squariug  the  chalk  for  the 
purposes  of  the  harbour,  always  leave  untouched  such  masses 
of  it  as  fall,  except  they  'belong  to  the  lower  part  of  the  bed ; 
which,  containing  feAver  organic  remains,  is  readily  squared. 
The  axe,  when  struck  upon  the  chalk  of  the  upper  or  middle 
part  of  this  bed,  returns  a  sound  so  exactly  similar  to  that  of 
striking  upon  flint,  that  the  workman  could  only  convince  me 
tliat  no  flint  was  there,  by  clearing  away  what  he  had  struck. 

Throughout  this  bed  of  organic  rtm'ains,  numerous  thin  veins 
of  a  grey  colour  nm,  generally  speaking,  parallel  with  the 
stratum.  These  veins  however,  are  not  straight,  but  undulate, 
terminating  imperceptibly,  being  again  renewed  a  little  above 
or  below.  Some  masses  that  had  been  split  by  the  workmea 
along  these  veins,  gave  the  opportunity  of  examining  their  na- 
ture, and  it  became  very  evident  that  they  originated  in  the 
presence  of  some  organized  body.  It  was  easy  to  detach  from 
every  part  of  the  newly  exposed  surface,  hard  conical  masses, 
striated  from  the  summit  to  the  base  by  lines  of  a  dirty  1[>iown 
colour^  which  were  glossy  and  moist:  and  where  the  continuity 
of  the  cone  was  accidently  interrupted  by  fracture  on  the  side, 
the  same  appearance  was  discoverable  within.  It  was  evident 
tliat  the  nearly  horizontal  part  of  these  grey  Teins  connected 
together  the  -neighbouring  conical  masses.  Wherever  a  flint  or 
a  shell  was  imbedded  in  contact  with  one  of  these  veins,  it  ex- 
I^itltxl  superficially  the  same  striated  appearance  as  the  conical 
masses  of  chalk. 

The  flints  interspersed  through  this  bed  of  organic  remanns 
i^re  generally- of  reinarkable  forms,  and  shew  either  internal  or 
external  evidence  of  their  haring  been  formed  in  or  upon  some 
organized  body.  They, are  not  uncommonly  of  a  nearly  sphe- 
rical shape ;  and  when  solid,  there  is  uniformly)  as  far  as  my 
obseryation  goes,  a  small  indented  circle  upon  each :  when  not 
solid,  they  always  cpntaaned  a  nucleus  having  the  appearance 
of  a  sponge  of  the  same  shape  as  the  flint :  these  rarely  exceed 
n;R  inch  in  diameter.  Others  are  cylindrical,  and  inclpse. ano- 
ther flint  of  the  same  form ;  others  (and  they  are  numeroiis) 
a>re  conical,  having  a  flat  base,  around  which  is  always  indented 
an  oval,  within  which  there  is  sometimes  the  indented  mark  of 
a  sponge  :  some  of  these  are  solid,  othei^  are  lined  with  tuber- 
culated  chalcedony  of  a  bluish  aspect;  these  are  about  two 
inches  high :  a  thin  lizung  of  blue  chalcedony,  whklL  it  ex- 
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tremely  greedy  of  moisture,  is  by  no  means  uncommon  within 
some  of  the  flints  of  this  bed.  There  are  others  very  common 
to  it,  whose  external  marks,  consisting  either  of  deep  indent^- 
tfons  or  small  rugged  projections,  bespeak  the  probability  of 
their  formation  being  in  some  way  or  other  connected  with 
organic  matter.  But  there  are  other  flints  which  it  is  not  easy 
to  describe.  They  inclose  a  cylindrical  flint,  resembling  the 
stem  or  a  branch  of  a  vegetable,  which,  passing  along  the 
mass,  is  visible  at  each' end,  where  sometimes  it  divides  into 
numerous  little  branches :  another  of  the  same  description 
crosses  it,  giving  to  the  external  flint  a  peculiar  shape,  and 
inducing  the  belief  that  it  must  have  been  deposited  aroun(d 
some  organic  substance,  of  which  the  form  is  preserved  by  the 
mtemal  ramifications.  The  whole  of  these  flints  are  numerous 
in  this  bed  of  organic  remains ;  but  I  did  not  discover  any- 
resembling  them  in  form  and  character  in  any  other  part  of  the 
€halk.  f 

The  numerous  shells  of  the  echinus,  or  rather  the  calcareous 
spar  which  has  replaced  them,  are  almost  always  whole ;  rarely 
was  one  visible  that  had  suffered  depression ;  but  the  chalk 
with  which  they  are  filled,  instead  of  being  finer  than  that  in 
which  they  lie,  as  is  frequently  the  case  in  the  echini  of  the 
upper  part  of  the  chalk  with  numerous  flints,  is  on  the  contrary 
-much  coarser  and  of  a  somewhat  sandy  aspect. 

This  bed  of  organic  remains  with  interspersed  flints,  is  sepa- 
rated from  the  bed  oh  which  it  lies,  the  chalk  with  few  fliirts, 
by  a  bed  of  marie  two  or  three  inches  thick,  which  lies  about 
'15  feet  below  the  two  beds  of  flint  before  mentioned.  The 
exterior  roughness  of  the  bed  is  however  far  less,  and  the  in- 
terspersed flints  are  fewer,  for  10  or  12  feet  of  its  lowest  part, 
than  in  the  middle  or  the  upper  part  of  it. 


CHAI.K  WITK  f EW  FLINTS^ 

The  chalk  of  this  bed  is  soft  and  white,  though  not  of  so 
pure  a  white  as  that  with  numerous  flints.  It  contains  a  few 
thin  beds  of  organic  remains,  which,  arguing  from  the  ochreous 
characters  that  are  frequently  visiWe,  may  be  considered  aS 
being  chiefly  of  sponges :  these  beds  are  most  frequent  and 
determinate  just  below  the  thin  bed  of  chalk  marie  forming 
the  separation  between  this  and  the  superincumbent  bed. 
About  20  feet  below  that  bed,  two  somewhat  thicker  beds  of 
feoft  chalk  marie  run  parallel  with  each  other  and  with  the  line 
of  separation,  and  at  about  three  feet  apart.  As  the  marie 
skivers  by  exposure^  these  two  bed!?  may  readily  be  traced  along 
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the  cliff  as  crevices,  rising  from  beneath  the  beach  about  t^ 
miles  east  of  Dover,  and  pursuing  their  course  without  inter- 
ruption, except  such  as  is  caused  by  the  occasional  falls  of  the 
cliff,  quite  to  its  termination  beneath  the  castle  :  they  are  also 
very  visible  in  some  parts  of  the  cliff  above  the  town,  where  its 
surface  is  exposed.  Traces  of  them  may  be  seen  on  Shakspeare's 
cliff;  but  from  their  position  in  it,  and  in  that  further  west,  as 
.  well  as  from  the  nature  of  the  cliff  itself,  which  is  too  precipi- 
^  tous  to  be  easy  of  access,  they  cannot  readily  be  traced  along  it. 

The  marie  of  these  beds  commonly  shivers  by  exposure  in  a 
direction  parallel  with  the  stratum ;  but  undulating  grey  veins 
pass  along  it,  and  here  and  there  may  be  extricated  from  them 
small  conical  masses  in  every  respect  similar  to  those  which 
have  already  been  mentioned  as  occurring  in  the  superincum- 
bent stratum. 

Just  beneath  the  thin  bed  of  marie  forming  the  line  of 
stratification,  two  thin  beds  of  separate  flints  are  very  visible, 
but  not  lying  in  the  same  manner  as  those  belonging  even  to 
the  thinnest  beds  in  the  chalk  with  numerous  flints;  their 
largest  surfaces  are  not  parallel  with  the  stratum ;  but  on  the 
contrary,  as  they  lie  in  every  direction,  they  do  not  form  an  evea 
line  in  regard  to  each  other ;  and  this  is  the  general  character 
of  the  few  thin  beds  of  flints  occurring  in  this  stratum,  whidi 
do  not  continue  for  any  considerable  distance.  Flints  som^ 
times  lie  in  the  occasional  thin  beds  of  sponges  which  appear 
on  the  face  of  the  cliff,  and  sometimes  exhibit  impressions  of 
them  on  the  surface.  The  flints  interspersed  in  the  chalk  of 
this  stratum  are  frequently  cylindrical,  and  are  sometimes  in 
the  form  of  the  bulbous  head  of  the  alcyonium,  or  in  shapes 
resembling  vegetable  stems :  such  flints  I  have  observed  here 
iiiid  there  of  more  than  two  feet  in  length  and  scarcely  exceed- 
ing half  an  inch  in  diameter,  but  they  were  always  cracked 
across  in  several  places. 

'J'he  grey  veins  so  numerous  in  the  lower  part  pf  the  superior 
stratum,  are  almost  as  frequent  in  this,  but  prevail  most  just 
above  or  below  the  thin  beds  of  organic  remuns  and  of  flintf 
above  mentioned,  and  in  the  neighbourhood  of  those  numerous 
and  nearly  parallel  crevices  which  are  so  many  indications  of 
regular  stratification. 

The  ammonite  has  hitherto,  I  believe,  been  supposed  to  be 
first  visible  in  the  under  chalk,  or  that  without  flints.  A  large 
one  lies  in  the  cliff  about  a  mile  eastward  from  Dover,  nearly 
in  a  horizontal  position,  and  just  above  a  bed  of  flints  which 
runs  for  some  distance  only  a  foot  or  two  above  the  base  of  the 
cliff,  and  there  arft  many  interspersed  flints  within  a  few  feet 
all  around  it.     Two  other  ammonites  from  12  to  18  inches  iu 
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diameter,  are  visible  at  low  water,  ia  chalk,  belonging  evi* 
dentlj  to  that  with  few  flints,  but  whether  it  be  in  situ  or  ftot^ 
it  is  difficult  to  determine.     One  of  them  is  distinctly  oval. 

About  a  mile  and  a  half  east  of  Dover,  and  near  the  place  at 
which  this  stratum  rises  from  the  beach,  I  found  the  cast  of  a 
nautilus  in  it. 

Iron  pjrites  is  by  no  means  uncommon  ;  it  usually  occurs  ia 
.^lobular  masses,  coated  by  crystals  having  the  form  of  tk* 
octohedron,  which  sometimes  are  attached  to  a  flint :  in  one 
instance  it  was  observed  filling  up  the  cracks  in  one.  ^  One 
mass  had  been  formed  around  a  terebratula,  of  which  the  shell, 
filled  by  pyrites,  remained,  but  in  a  friable  state.  This  stratum 
yielded  to  my  search  pectinites,  terebratulae,  and  the  palates 
and  vertebrse  of  fishes.  A  nearly  perfect  specimen  of  one 
species  of  the  striated  shell  or  inoceramus  (G.  T.  vol.  v.  pi.  !• 
fig.  3.),  perhaps  the  only  one  hitherto  discovered,  was  found 
by  the  workmen  employed  in  squaring  the  chalk :  it  was  nearly 
filled  with  flint,  and  was  partially  imbedded  in  it. 

Seyeral  excursions  along  the  cliff  between  Dover  and  Folk* 
stone,  both  at  its  base  and  on  its  summit,  as  well  as  the  occa- 
sional opportunity  of  ascending  or  descending  it,  enabled  me 
at  length  satisfactorily  to  discern  the  nature  of  the  connexiom 
of  the  chalk  with  few  flints,  with  that  on  \?hich  it  reposes., 
namely,  a  thick  stratum  without  flints,  enclosing  numerous 
thin  beds  of  organic  remains,  lying  nearly  close  together. 

A  thin  bed  of  soft  marie  lies  between  these  strata.  It  may 
be  readily  traced  along  the  clifi*,  as  a  crevice,  for  a  consider- 
able distance,  but  is  most  conveniently  viewed  while  ascending 
Shakspeare's  clifi*  from, the  town.  Flints  are  here  and  there 
visible  a  few  feet  above  this  bed  of  marie,  but  not  one  was  dis- 
coverable below  it.  Between  this  and  a  similar  bed  of  marie 
nine  or  ten  feet  beneath  it,  are  to  be  seen  many  of  those  thin 
beds  of  organic  remains,  which  are  characteristic  of  the  stratum 
en  which  the  chalk  with  few  flint  reposes.  Both  these  beds  of 
narle  are  also  seen  in  the  most  elevated  part  of  the  low  cliff, 
between  Shakspeare's  clifif  and  the  town  of  Dover. 

CHALK  WITHOtJt   FLIKTi. 

I.  Stratum  containing  numerous  thin  beds  of  Organic  Remains, 

This  stratum,  both  internally  and  after  exposure,  is  yellow- 
ish and  without  flints ;  for  not  one  appears,  either  in  the  elifl^, 
er  in  the  numerous  masses  lying  at  its  base :  in  hardness,  it 
exceeds  the  chalk  with  interspersed  flints. 

The  low  clijflf  immediately  contiguous  to  Dover  on  the  west, 
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MBslfffts  wliolly  of  the  chalk  of  this  stratum,  exceprt  the  siltnniU 
€f  its  most  elevated  part,  which  consists  of  the  chalk  with  fe# 
flints  (see  preceding  sketch)  ;  hut  in  this  place  it  does  not  so 
decidedly  appear  to  consist  of  a  number  of  thin  beds  of  organic 
remains,  as  it  does  after  rising  from  the  beach  at  Shakspeare's 
cliff;  nevertheless  it  manifestly  consists  of  a  vast  accumulation 
«if  orgatiic  exuviae.  This  stratum  may  be  traced  without  inter- 
'mption  for  nearly  four  miles ;  but  the  summit  of  the  cliff  be. 
tween  Dover  and  Folkstone,  for  the  Itttter  half  of  the  way, 
quite  to  its  termination  near  the  siajnjil-house  above  the  latter 
place,  decidedly  belongs  to  the  chalk  with  few  flints  :  a  close 
examination  of  it  discovers  here  and  there  a  few  interspersed 
flints,  and  a  single  bed  of  them  is  visible  about  40  feet  below 
the  summit,  just  half  way  between  the  two  places.  "Wherever 
a  path  is  practicable,  the  cliff  is  so  sloping  as  to  be  covered 
with  a  verdure  which  prevents  an  accurate  discovery  of  the 
Istratifieation  by  ascending  it,  and  it  cannot  always  be  seen 
from  either  above  or  below. 

-  The  external  roughness  occasioned  by  the  numerous  thin 
-beds  of  organic  remains  in  this  stratum,  is  far  less  considerabte 
than  that  of  the  chalk  with  interspersed  flints.  Still  the  same 
appearance  of  sponges  is  visible  after  long  exposure,  but  they 
Jie  close  together,  and  when  detached  are  less ;  and  they  are 
«ot  unfrequently  separated  by  the  remains  of  shells,  so  smaH 
at  to  be  nearly  in  a  state  of  comminution,  a  large  proportion  of 
them  being  varieties  of  the  striated  shell  or  iuoceramus.  The 
two  varieties  of  the  echinus  so  common  in  the  chalk  with  inter- 
spersed flints  are  occasionally  seen  in  this  bed,  but  are  less 
numierous.  Ammonites  from  12  to  18  inches  in  diameter  and 
tvf  a  circular  form  are  not  uncommon:  I  saw  several,  all  of 
Vhich  lay  parallel  to  the  Strata.  Though  the  thin  beds  of 
^organic  matter  are  nearly  in  contact  in  the  lower  part  of  the 
stratum,  they  are  more  separate  in  the  upper  part  of  it. 

Through  one  of  the  many  large  masses  lying  on  the  shore, 
«  bed  about  nine  inches  thick  took  its  course,  consisting  of 
remains  essentially  differing  from  the  rest.  It  consisted  chiefly 
of  ramose  appearances  about  half  an  inch  in  diameter,  and  the 
masses  detached  firpm  it  greiitly  ri^embled  those  of  the  alcyo- 
nium  visible  in  the  sand  of  the  Isle  of  Wight,  described  by 
flg.  12,  pi.  29,  vol.  2,  of  the  Geological  Transactions. 

In  this  stratum  I  did  not  perceive  any  traces  of  pyrites,  so 
common  in  other  parts  of  the  cliff.  It  includes  grey  veins 
similar  to  those  of  the  chalk  with  interspersed  flints  and  of  that 
with  few  flints,  but  they  are  far  less  njimerous,  and  though  the 
organic  remains  which  ocieaslon  them  are  similar,  they  are 
much  smaller. 
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II.    Chaik  without  Flints^  and  mth  few  Organic  remaini. 

This  stratum  rises  immediately  at  that  p^l  of  the  base  of 
Skakspeare's  cliff  which  is  nearest  to  Dover,  and  is  separated 
from  the  stratum  containing  numerous  beds  of  orgauic  remains, 
which  reposea  on  it,  by  a  bed  of  soft  marie.  As  this  marU, 
Uke  all  the  others  of  the  same  nature  that  are  visible  in  these 
eliJQfs,  becomes  friable  and  falls  away  by  exposure,  it  serves  as 
a  certain  guide  to  the  stratification,'  a«d  may  be  seen  with 
Ultle  interruption  for  more  than  half  the  way  Xo  the  signal - 
house  above  Folkstone,  and  at  intervals  for  the  other  half ;  se 
th^t  the  connexion  of  the  two  strata  may  be  traced  for  five 
miles  without  difficulty.  Without  this  aid,  however,  thew 
could  only  have  existed  such  hindrance  as  naturally  arises  from 
occasional  verdure  on  the  face  of  the  less  precipitous  parts  of 
the  cliff,  being,  those  above  the  undercliff :  for  the  chalj;  of  th« 
two  strata  differ  greatly  in  appearance.  That  of  the  stratum  I 
am  describing  is  soft,  and  even  white  in  comparison  of  that 
which  lies  upon  it,  though  not  so  white  as  the  chalk  with  few 
flints ;  and  for  six  feet  beneath  the  bed  of  marie,  is  of  so  s^ndy 
a  texture  occasionally,  as  to  be  even  friable,  but  Isere  and 
th«re  it  assumes  the  appearance  and  compactness  of.  a  sand- 
stone. 

The  nearly  horizontal  crevices  in  other  parts  of  tlpue  cltff 
appear  to  be  nearly  parallel  with  the  stratifieatiiHi ;  but  in  this, 
^  crevices  differ  from  that  position,  and  are  even  in  a  tr^m^ 
T^se  direction;  those  that  are  nearly  vertical  are  numerous, 
living  to  the  chalk  in  many  places,  an  angular  appearance,  not 
common  to  any  other  parts  of  the  cliff.  *  It  runs  along  the  ba^e 
of  the  cliff  for  somewhat  less  than  half  a  mile,  and  in  that 
space,  affords,  even  on  a  close  inspectron,  the  traces  of  tot  few 
organic  remains. 

It  incloses  masses  of  pyrites,  some  of  which  are  crystallise4 
externally  in  the  form  of  the  ootohedron,  but  their  general 
form  is  spherical.  Others,  and  they  are  not  uncommon,  are  hi 
the  form  of  cylinders,  rounded  at  each  termination,  to  which 
V  there  is  frequently  a  short  stem  attached ;  the  whole  havini^ 
tjie  appearance  of  organic  origin.  When  broken  across,  they 
are  always  found  to  radiate  from  the  centre. 

Here  and  there  appears  a  small  bed  of  sponges,  of  which  the 
ocfereous  forms  are  visible ;  but  this  stratum  contains  no^Mi  ©f 
the  grey  veins  so  numerous  in  the  superincumbent  strata.  It  is 
about  St)  feet  tWck. 
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OREY   CHALK.  ♦ 

The  grey  chalk  differs  from  the  strata  reposing  on  it,  i« 
being  softer.  It  raries  considerably  in  different  places,  in  re- 
spect of  colour  and  texture ;  being  much  more  sandy  and  less 
compact  than  in  others.  A  fair  specimen  of  it  yielded  to  my 
brother,  by  analysis,  82  per  cent,  of  carbonate  of  lime,  and  18* 
•f  silex  and  almnine,  chiefly  of  the  former,  and  a  trace  of  tker 
oxide  of  iron.  •  t 

It  first  rises  from  the  beach  at  the  foot  of  the  low  cliff  (see 
preceding  sketch)  contiguous  on  the  west  to  that  which  is 
known  by  the  name  of  Shakspeare's ;  but  its  separation  from 
the  chalk  without  flints  is  not  at  that  place  perfectly  defined. 
In  less  than  a  quarter  of  a  mile  beyond  the  place  at  which  it 
rises  from  the  beach,  the  two  strata  are  very  distinct;  th«' 
white  being  separated  from  the  grey  by  some  very  thin  beds 
of  a  sandy  appearance  and  yellowish  colour.  As  the  grey  chalk 
rises,  its  colour  becomes  deeper,  and  it  is  here  and  there  so 
extremely  soft,  that  the  rain  in  descending  the  cliff,  has  car* 
ried  down  and  deposited  at  its  base  considerable  quantities.  It 
IS  in  these  places  particularly,  that  beds  of  sandstone  from  one 
to  four  or  five  inches  thick,  and  extremely  hard,  take  their 
course  parallel  with  the  stratum  for  a  short  distance,  projecting- 
beyond  the  face  of  the  cliff  from  a  few  inches  to  two  or  three 
f«et.  A  fan-shaped  projection  of  this  kind  overhangs  a  copious 
stream  of  pure  water  issuing  from  the  grey  chalk,  termed  Lid- 
den  spout,  protruding  beyond  the  surface  of  the  cliff,  not  less 
than  five  feet. 

Not  a  flint  is  visible  in  this  bed :  its  organic  appearances  are 
numerous,  but  do  not  differ  considerably  from  those  of  the 
superior  strata.  Along  the  crevices  running  parallel  with  the 
stratification,  the  chalk  is  commonly  of  a  deeper  grey  than' 
the  bed  in  general,  and  incloses  some  still  darker  appearances 
of  ramification,  resembling  in  their  general  form  some  varieties 
of  broad-leaved  fuci,  which  are  somewhat  softer  than  the  chalk 
in  which  thoy  are  imbedded.  The  reverse  of  this  is  occasion- 
ally observable  in  the  more  solid  parts  of  this  chalk,  and  where 
its  colour  is  of  a  lighter  grey ;  for  there  it  is  sometimes  tra- 
versed in  every  direction  by  very  numerous  and  small  ramifica- 
tions of  a  colour  still  lighter.  The  remains  of  the  echinus  are 
numerous,  and  their  shells  are  replaced  by  carbonate  of  lime 

*  This  bed  of  grey  chalk  might  more  properly  be  desiniated  chalk  marle» 
and  therefore  its  description  ought  strictly  to  be  referred  to  the  bed^  imine- 
diately  beneath  the  chalk ;  for  the  convenieace  uf  the  traveller  bo\^ever  u 
is  here  inserted. 
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of  a  grey  colour:  every  one  I  saw  had  not  only  suffered  de^ 
pression,  but  the  shell  was  also  in  every  instance  broken ;  a 
circumstance  which  is  the  more  remarkable,  as  it  is  rarely  dis^ 
coverable  in  any  of  the  superior  strata. 

Small  masses  of  pyrites  are  very  common,  and  there  are  som^ 
of  singular  forms.  Thin  strings  of  it,  sometimes  ramified,  the 
branches  terminating  in  a  point,  are  very  numerous ;  but  some- 
times on  the  contrary  they  are  terminated  by  a  spherical  bulb, 
or  by  one  that  is  elongated  and  resembling  the  head  of  thc^ 
alcyonium,  but  very  small ;  these  are  generally  hollow.  A  re- 
markable crystallization  of  pyrites  is  also  very  common.  A' 
string  of  octohedrons  piled  with  considerable  regularity  on 
each  other,  and  above  an  inch  in  length,  is  crossed  by  anothef 
similar  to  it, — the  termination  of  each  being  the  quadrangular 
pyramid  of  an  octohedron: — these  again  are  crossed  at  right 
angles  by  another,  which  is  terminated  in  like  manner,  so  that; 
the  three  have  one  common  centre :  giving  to  the  whole  the 
appearance  of  the  comipencing  crystallization,  or  the  skeleton, 
of  one  large  octohedron.  Thin  beds  of  sponges  occasionally 
appear,  their  remains  being  either  ochreous,  or  of  a  lighter 
colour  than  the  chalk  itself;  but  these  ar^  visible  only  when 
the  stratum  has  risen  considerably,  and  near  to  the  beginning 
of  the  undercliff.  Near  the  stream  called  IJdden  Spout,  I 
found  the  cast  of  a  large  nautilus  in  grey  chalk,  but  much 
harder  than  that  of  the  stratum. 

(c)    SUSSEX  CLIFFS.* 

After  an  interval  of  about  40  miles  occupied  by  the  forma- 
tions below  the  chalk,  and  which,  after  quitting  the  green  sand 
cliffs  near  Hythe,  presents  a  fiat  and  uninteresting  coast,  (ex- 
cepting where  the  section  of  the  central  ridge  of  iron  sand 
affords  the  picturesque  cliffs  on  both  sides  of  Hastings,)  the 
dialky  cliffs  re-appear  with  much  magnificence  in  the  pro- 
montory of  Beachy  Head,  which  forms  the  termination  of  th^ 
range  of  the  South  Downs  against  the  coast.  These  cliffs  are 
said  in  Henshawe's  Survey  to  be  575  feet  high ;  they  exhibit 
both  the  lower  and  upper  chalk  declining  under  a  gentle  angle 
to  the  S.W. :  they  extend  westward  without  interruption  about 
four  miles,  when  they  are  broken  through  by  the  valley  which 
gives  issue  to  the  Cuckmere  river.  On  the  west  side  of  this 
valley  the  cliffs  again  rise,  and  are  continued  till  a  second  simi- 
lar interruption  is  occasioned  by  the  mouth  of  the  river  Ouse, 
towards  which  a  small  outlying  hummock  of  the  plastic  clay 
superstrata  crowns  the  chalky  cliff  at  Chimtii^g  Castle ;  beyond 

*  By  die  Rey.  W.  D.  Gonyb«are. 
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the  Ouse  the  cliff  is  again  resumed,  having,  at  Newhaven  castle 
hill,  another  outlier  of  plastic  claj  tind  sand  reposing  against 
it :  hence,  the  chalky  cliffs,  though  gradually  declining  in  height 
in  proceeding  westward,  are  continued  to  the  neighbourhood  of 
Brighton,  where  they  finally  disappear,  the  beds  of  this  for- 
mation haYing^unk  beneath  the  superstrata  of  the  Isle  of  Wight 
basin.^ 

West  of  Brighton,  the  coasts  of  Sussex  and  Hants  present 
only  a  low  uninteresting  tract ;  but  crossing  to  the  Isle  of  Wight, 
the  chalk  re-emerges  from  the  superstrata  near  its  eastern  point, 
and  rises  with  its  usual  magnificence  into  Culver  cliffs.  Here, 
indeed,  appearances  of  more  than  usual  interest  occur;  for 
here  we  first  enter  upon  that  remarkable  district  in  which  these 
beds,  so  generally  characterized  by  their  horizontal  position, 
assume  that  vertical  arrangement  which  has  been  hastily  as- 
sumed as  peculiar  to  older  and  more  chemical  depositions,  and 
as  resulting  in  such  from  the  circumstances  of  their  original 
formation;  but  which,  as  we  shall  hereafter  have  occasion  to 
shew,  are  limited  to  no  single  geological  sera,  and  in  the  great 
majority  of  instances,  if  not  in  all,  have  been  demonstrably 
produced  by  the  mechanical  force  of  subsequent  convulsioni^. 
Jn  our  examination  of  this  part  of  the  coast,  we  have  the  fur- 
ther advantage  of  following  an  able  and  enlightened  guide,  the 
author  of  the  excellent  letters  to  Sir  H.  Englefield ;  to  the  cor- 
rectness of  whose  description  the  writer  of  this  article  can  bear 
the  fullest  testimony,  having  verified  them  all  by  a  careful 
personal  survey  throughout  the  whole  district. 

*  In  the  Royal  Institution  Journal,  No.  8,  p.  227,  is  an  account  of  the 
cliffs  at  Brighton  and  on  the  east  of  it,  by  J.  F.  Daniell,  Esq.  who  describes 
a  bed  consisting  chiefly  of  flints,  but  containing  rounded  masses  of  granite, 
slate  and  porphyry,  and  resting  near  the  town  on  chalk,  but  as  being  there 
covered  by  chalk  rubble.  This  supyerincumbent  rubble,  as  it  proceeds  east- 
ward, is  described  by  him  as  partaking  more  and  more  of  a  regular  aspect, 
aft  having  the  appearance  of  chalk  about  half  way  between  Brighton  and 
Rottingdean,  and  as  containing  two  contorted  layers  of  flint,  while  others 
passing  down  it  obliquely,  also  traverse  the  bed  of  alluvium,  containing 
masses  of  flint,  granite,  porphyry,  and  slate.  Having,  as  I  conceive,  some 
reasonable  doubts  as  to  the  correctness  of  the  preceding  observations,  which 
seemed  to  imply  the  opinion  that  the  alluvial  bed  of  rounded  masses  of 
primary  rocks  was  interst  ratified  with  the  chalk,  I  requested  my  friend 
Thomas  Hodgkin,  then  a  resident  at  Brighton,  to  re-examine  the  cliff, 
which  he  has  done  with  attention,  and  the  result  is,  that  every  oblique 
bed  of  flint  perceived  by  him  above  the  bed  of  ^anite,  &c.  stopped  at  it, 
resuming  its  direction  beneath  it ;  and  he  is  of  opinion  that  this  bed  of  de- 
cayed alluvium,  instead  of  being  interstratified  with  the  beds  of  chalk,  was 
heretofore  washed  by  the  action  of  the  sea,  when  at  a  higher' level  than  it 
now  is,  into  a  crevice,  either  created  by  that  action  in  the  chalk,  or  by 
washhig  out  a  bed  of  soft  chalk  marie,  once  occupying  the  place  of  (he 
piassci  of  granite  and  of  other  rocks— an  opinion  extremely  reasonable.  (P.) 
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id)    ISLE  OF  WIGHT.* 

.  Tli^  general  configuration  and  relations  of  the  series  of  in* 
clined  strata  in  this  Isle,  will  be  sufficiently  understood  by  re- 
ferring to  the  section  of  the  Isle  of  Purbeck  (see  PI.  2,  fig.  5.) 
It  will  be  there  seen  that  the  strata  exhibit  their  greatest  incli* 
nation  in  a  part  of  the  chalk  range,  and  that  on  either  side  +  of 
this,  the  deviation  from  an  horizontal  position  gradually  de- 
creases. The  ingenious  hypothesis  of  Mr.  Webster,  which 
indicates  how  such  an  appearance  may  be  presented  by  the 
partial  section  of  strata,  which  (were  it  possible  to  trace  their 
inferior  prolongations  beneath  the  surface,  and  to  supply  the 
portions  which  may  haf e  been  stripped  off  from  above),  might 
be  found  to  be  disposed  in  parallel  curves  of  a  double  flexure^ 
is  indicated  by  the  dotted  lines  following  the  supposed  direc- 
tions of  those  curves. 

That  'such  cannot  have  been  the  original  position  of  these 
strata  is  demonstrably  evident ;  for  among  the  vertical  strata 
of  the  plastic  clay  formation  is  one  composed  of  a  thick  layer 
of  rolled  chalk  flints,  the  accumulation  of  which  in  such  a  pos- 
ture is  obviously  contrary  to  the  laws  of  gravitation ;  other 
beds,  also  containing  decided  fragments  imbedded  in  them, 
occur  in  the  substrata  beneath  the  chalk  (particularly  in  th<^ 
iron  sand),  and  the  whole  series  is  decidedly  of  mechanical 
formation. 

It  remains,  therefore,  that  the  phoenomena  must  be  referred 
»t^  some  subsequent  convulsion,  which  has  violently  produced 
either  an  elevation  on  one  side,  or  a  subsidence  on  the  other,  of 
these  inclined  masses ;  and  from  the  form  of  flexure  in  the 
strata,  the  disturbing  force  (whatever  may  have  been  its  nature) 
seems  to  have  operated  with  the  greatest  energy  in  a  lateral 
direction.  The  central  line  along  which  this  force  has  acted, 
may  be  traced  nearly  east  and  west  about  60  miles,  from  the 
eastern  end  of  the  Isle  of  Wight  to  Ab^otsbury  in  Dorsetshire ; 
for  though  the  vertical  chalk  ends  at  Whitenose,  an  highly^ 
Inclined  saddle  of  the  substrata  may  be  traced  in  the  continu- 
ation of  the  same  liiie. 

The  first  section  of  these  inclined  strata,  in  advancing  east 
to  west,  is  presented  by  Culver  cliffs,  a  magnificent  range  of 

♦  By  the  Rev.  W.  D.  Conybeare,  F.R.S.  &c. 
+  In  the  Isle  of  Wight,  this  is  only  seen  in  the  inferior  strata ;  for  the 
vertical  portion  oi"  the  superior  strata  being  abruptly  covered  by  horizontal 
beds  of  still  l?iler  formation  ^see  section  of  Alum  bay,  pi.  2,  fig.  6),  the 

Sradual  change  from  the  vertical  tp  tlie  horizontal  observable  in  Dersit- 
lire  is  here  connected* 
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precipices  near  the  eastern  extremitj  of  the  Isle  of  Wight, 
forming  a  promontory  separating  White-cliff  bay  on  the  north* 
east  from  Sandown  bay  on  the  sooth-west.  In  the  former,  the 
superstrata  of  the  plastic  clay  and  sands  may  be  observed  in  a 
position  perfectly  vertical,  forming  low  cliffs ;  immediately  on 
the  south  of  which,  the  chalky  strata  tower  to  a  stupendous 
lieight,  their  inclination  being  about  70" ;  rounding  the  cape 
towards  the  south,  this  irt clination  decreases  to  about  60" ;  the 
direction  of  the  dip  is  north-north*east :  all  the  upper  beds  of 
ehalk  contain  alternating  strata  of  Ainty  nodules,  occasionally 
exhibiting  that  singular  shivered  texture  described  below ;  ♦ 
the  lower  strata,  as  seen  in  Sandown  bay,  are  destitute  of  flints^ 
and  the  lowest  consist  of  a  yellowish  \^hiie  marie  or  argil- 
laceous chalk ;  this  rests  on  the  green  ^nd  fonnati<m. 

The  southern  extremity  of  the  f  sle  of  Wight,  from  Dunnose 
to  St.  Catharine's,  exhibits  a  lofty  range  of  downs,  separated 
from  the  highly-inclined  central  ridge  by  a  broad  valley,  and 
presenting  an  horizontal  stratification.  The  upper  region  of 
these  hills  consists  of  chalk  and  chalk-mar le,  the  central  of  the 
green  sand,  and  the  lower  of  the  iron  sand  hereafter  to  be 
described;  but  on  the  side  towards  the  coast,  the  inferior 
strata  are  concealed  by  vast  masses  of  the  superior,  which  have 
subsided  in  that  direction,  and  form  as  it  were  a  talus  in  front 
of  them,  constituting  that  most  picturesque  district  so  well 
known  by  the  name  of  the  Undercliff,  which  well  describes  its 
position ;  for  a  fracture  which  runs  through  the  upper  strata  of 

*  All  the  flints^  except  those  detached  nodules  in  the  body  of  the  strata* 
are  universally  found  in  a  most  extraordinary  state ;  they  are  broken  in 
every  direction  into  pieces  of  every  size,  from  three  inches  diameter  down 
to  an  absolutely  impalpable  powder.  The  flints  thus  shivered,  as  if  by  a 
blow  of  inconceivable  force,  retain  their  complete  form  and  position  in 
their  bed.  The  chalk  closely  invests  them  on  every  side,  and  tili  removed, 
notliin^  different  from  other  flints  can  be  perceived,  excepting  fine  linef 
indicating  the  fracture,  as  in  a  broken  glass ;  but  when  moved  they  fall  at 
once  to  pieces.  The  fragments  are  all  as  sharp  as  possible,  and  quite  irre- 
£ular,  being  certainly  not  ,^he  efiect  of  any  peculiar  crystallization  or 
Internal  arrangement  of  the  materials,  but  merely  of  external  violence;. 
This  new  and  most  extraordinary  appearance  was  first  observed  in  a  small 
pit  on  the  Shorewell  road,  just  beyond  the  parting  of  the  road  to  Yar- 
nlouth,  but  no  opportunity  was  afterward  omitted  of  examining  both  the 
ctifis  and  the  pks  in  ftiany  |)arts  of  the  whole  ran?e,  and  the  appearances 
Were  every  where  nearly  similar,  differing  only  in  the  circumstance  that  io 
tome  places  the  flint  seemed  to  have  been  more  generally  and  completely 
shattered  than  in  others.  It  may  not  be  improper  to  mention  the  places 
where  these  phoenofnena  were  the  most  particularly  investigated,  as  they 
<nay  guide  oUiers  in  their  researches,  beginning  at  the  eastern  point,  and 
proceeding  westward ;  I.  WhitecliflFbay ;  2.  Brading  shute ;  8.  PitonBrad- 
^ng  down  ;  4.  HoHow  road  at  Knisrhton ;  5.  Arreton  pit ;  6«  Pit  above  bk*de 
bridge ;  7.  Pit  just  out  of  Carishrook  town ;  8.  Pit  south  of  Carisbrciok 
castle ;  9.  Freshwater  cliffs ;  10.  Cliffs  in  Alum  bay.    (W.  p.  SO.) 
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tlie  green  sand  formation,  about  half  a  nnle  from  the  coast^ 
exhibits  this  section  in  a  continued  line  of  precipice ;  beneath, 
which  the  whole  space  intervening,  down  to  the  beach,  in 
occupied  by  a  series  of  terraces  formed  by  masses  of  strata 
Ifchalk  and  green  sand)  which  have  subsided  from  above,  and 
generally  settled  in  an  highly  inclined  position  dipping  towards 
the  interior.  A  wild  scene  of  irregular  confusion  is  thus  pro- 
duced ;  masses  of  the  sandstone  project  in  striking  crags,  com* 
bined  in  a  thousand  pleasing  forms  with  the  luxuriant  foliage 
to  which  the  deep  dingles  between  the  terraces  afford  a  shelter. 
By  these  subsidences,  vast  masses  of  chalk  have  been  brought 
down  from  their  parent  stratum,  whose  lower  limit  is  between 
500  and  600  feet  above  the  beach,  to  the  very  edge  of  the  sea; 
and  near  Ventnor  a  considerable  cliff  of  chalk  is  thus  seen  o<t 
the  coast,  nearly  adjoining  to  one  of  the  iron  sand  on  the  same 
level. 


The  preceding  wood  cut  exhibits  a  sectional  profile  of  tlils 
singular  tract. 

Proceeding  towards  the  western  extremity  of  the  island,  we 
again  meet  with  a  section  of  the  central  ridge  of  inclined  chatk, 
corresponding  to  that  which  has  been  before  noticed  at  its 
opposite  extremity  in  Culver  cliffs. 

This  section  commences  in  the  cliffs  on  the  east  of  Fresh- 
water bay,  where  the  junction  of  the  chalk  and  inferior  strata 
affords  appearances  which  are  an  exact  repetition  of  those,  ia 
""Bandown  bay.  At  Freshwater  Gate,  the  whole  range  of  this 
chain  is  broken  through  by  a  valley  which  separates  the  west- 
em  extremity  of  the  island  into  a  disthiCt  peninsula,  and  pr^^- 
sents  the  remarkable  phoenomenon  of  a  spring  rising  almost 
within  a  stone's  throw  of  the  southern  coast,  and  but  little 
above  the  level  of  the  sea,  and  yet  flowing  towards  the  opposite 
coast.  This  seeming  paradox  admits  an  easy  explanation,  >y 
considering  that  the  deep  astuaryof  the  Yar  in  fact  brings  the 
iidal  level  almost  as  near  this  point,  on  the  one  side,  as  the 
other ;  the  spring  has  its  source  in  a  diluvial  deposit  of  clay 
and  gravel,  which  partitdly  occupies  the  lower  part  of  this 
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breach  in  the  chalk,  and  maj  be  seen  hanging  on  the  base  of 
the  cliffs  on  either  side  :  this  clay,  resting  on  the  inclined  sub<« 
^strata,  m^ouU  naturally  turn  the  current  in  a  northern  direction.^ 
Thence  the  chalky  cliffs  extend  in  a  magnificent  line  of  mural 
precipices,  known  by  the  name  of  the  Main  Bench,  for  two^ 
miles  to  the  west ;  where,  ending  in  the  bold  promontory  of 
the  Needles,  they  form  the  western  cape  of  the  island;  be- 
neath this  cape  lies  that  singular  group  of  insulated  pyramidal 
masses  of  chalk  from  whose  figure  it  derives  its  name.  These, 
having  yet  resisted  the  action  of  the  surrounding  waves,  remain 
monuments  of  its  ravages,'  which  have  destroyed  the  continua- 
tion of  the  chain  of  which  they  once  formed  a  part.  An  idei^ 
may  be  formed  of  their  size,  when  it  is  stated  that  the  hull 
of  the  Pomona,  a  50  gun  frigate,  (which  in  1811,  on  her  return 
from  Persia,  struck  upon  the  point  of  the  most  western  Needle) 
did  not  reach  one-fourth  of  their  height. 

In  Alum  bay,  on  the  north  of  the  Needle  point,  the  junction 
of  the  chalk  and  the  upper  strata  represented  in  the  secoud 
Plate  (fig.  6.)  accompanying  this  work  is  seen. 

The  chalk  strata  here,  as  in  Culver  cliffs,  are  vertical  near 
their  upper  junction,  and  inclined  in  an  angle  of  between  60*^ 
and  QQP  near  their  lower. 


(0    ISLE  OF  PURBECK.+ 

In  order  to  continue  our  examination  of  the  sections  pre- 
sented by  the  chalk  ranges,  w^  must  next  cross  the  channel  to 
the  eastern  extremity  of  the  Isle  of  Purbeck,  where  in  the 
prolongation  of  the  same  direct  line  with  the  central  range  of 
the  Isle  of  Wight,  and  facing  the  Needle's  point,  another  mag- 
nificent and  interesting  section  of  the  vertical  and  inclined 
chalk  is  exhibited  in  the  cape  called  Handfast-point. 

This  promontory  forms  the  division  between  Stud  land  bay  on 
the  north,  and  Swanwich  bay  on  the  south;  the  former  ex- 
hibiting the  superior,  the  latter  the  inferior  junction  of  the 
chalk.  The  chalk  strata  first  emerge  under  a  very  low  and^ 
.almost  inappreciable  angle,  and  thus  continue  round  the  ex^ 
treme  point  of  the  cape;  near  which  four  or  five  detacbed 
pillars  of  chalk  rise  above  the  water,  being  evidently  portions 

*  This  point  affords  a  good  station  whence  we  may  expect  to  estimate 
hereafter  the  progress  made  by  the  encroachments  of  the  sea,  in  wearing 
away  the  coast,  since  a  very  small  advance  will  cut  through  the  beach  into 
the  source  of  this  rivulet,  and  joining  the  acstuary,  render  this  peninsula  a 
distinct  island :  the  isthmus  is  at  present  protected  by  a  shingle  bank, 
♦  By  the  Rev.  W.  D.  Conybfare>  F.R.S.  &c. 
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>vhich  hai^e  resisted  longer  than  the  rest,  the  destroying  action 
of  the  waves.  A  little  to  the  south  of  this  point,  the  vertical 
strata  of  chalk  commence,  and  a  configuration  of  the  strata  of 
a  very  remarkable  kind  takes  place.  The  horizontal  strata 
suddenly  turn  upwards  into  a  curve  forming  near  a  quarter  of  a 
circle,  and  the  vertical  layers  of  flints  meet  the  bent  part  of  the 
chalk,  as  so  many  ordinates  would  meet  a  curve,  decreasing  in 
height  as  they  get  more  under  it.  It  is  so  impossible  that  des- 
cription should  do  justice  to  this  extraordinary  arrangement, 
that  we  annex  a  sketch  taken  from  one  of  the  plates  accom- 
panying Mr.  Webster's  letters  to  Sir  Henry  Englefield,  and 
published  in  his  splendid  work,  the  ^  Description  of  the  Isle 
of  Wight.' 


Mr.  Webster  has  proposed  an  ingenious,  but  perhaps  not 
altogether  satisfactory  solution  of  this  remarkable  position  (see 
plate  2,  fig.  5).  Instead  of  repeating  this,  we  shall  attempt 
to  shew  that  it  may  be  simply  and  completely  accounted  for 
by  the  obvious  supposition  of  such  a  fault,  or  dislocation  of  the 
strata,  as  is  familiar  in  all  geological  inquiries ;  and  considering 
the  vast  angular  motions  which  these  masses  of  strata  must  have 
undergone,  might  naturally  be  expected  here ;  for  this  purpose 
we  must  have  recourse  to  the  subjoined  diagram* 


Top  of  the  Gliff 


Shore 


Let  A  B  be  the  assumed  line  of  fault ;  then  let  the  mass  of 
strata  ABC,  be  moved  along  it  in  the  direction  from  A  to  B, 
till  the  stratum  A  C  be  brought  into  the  position  indicated  by 
ihe  dotted  line  a  c}  and  the  same  arrangement  of  strata  which 
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actually  takes  place  in  the  cliff,  will  be  the  result,  fn  orilor 
to  produce  <his  agreement,  we  have  only  to  suppose  that  the 
line  of  fault,  durug  a  part  of  its  course*  coincides  with  the  lines 
of  stratification,  which  cannot  be  considered  as  au  impossible 
or  even  improbable  circumstance. 

The  flexure  of  the  innermost  strata  of  the  vertical  series  (see. 
plate  27  of  Sir  H.  Englefield's  Isle  of  Wight),  as  accurately 
represented  in  Mr.  Webster's  excellent  view  of  this  spot,  affords 
an  additional  confirmation  of  this  hypothesis;  for  we  might 
naturally  expect  to  find  a  portion  of  the  strata  in  which  such 
a  flexure  occurs,  transferred  to  this  very  place  by  the  fault 
assumed.  If  any  person  will  take  the  trouble  of  copying  the 
curved  and  vertical  strata  as  represented  in  Mr.  Webster's  de- 
lineation on  two  separate  pieces  of  paper,  then  filling  up  the 
vertical  strata  as  required  in  the  above  diagram,  and  lastly  ap- 
plying them  together  and  slipping  the  latter  under  the  former 
in  the  direction  of  the  fault,  he  will  at  once  perceive  that  this 
simple  supposition  is  completely  adequate  to  the  solution  of  the 
actual  phoenomena.^ 

♦  The  following  observations  of  Mr.  Webster  on  the  strata  of  the  chalk 
jind  flints  at  this  remarkable  spot  are  too  important  to  be  passed  over. — 
This  chalk  I  found  to  be  exceedingfly  hard  in  the  vertical  part,  and  also  in 
the  curved ;  so  much  so  tluit  it  will  not  mark,  nor  can  the  nail  make  ^y 
impression  upon  it ;  but  at  some  distance  from  the  curved  strata,  where 
the  chalk  is  horizontal,  it  resumes  its  softness. 

In  the  vertical  strata,  the  chalk  is  far  from  being  uniform  in  its  texture ; 
appearing  as  if  formed  by  the  union  of  masses  of  chalk  of  different  qualities; 
some  parts  being  denser  than  others,  and  of  rather  a  darker  colour.  When 
large  masses  fall  down,  they  frequently  separate  into  roundish  (tstgnienH^ 
which  leave  a  lumpy  and  concreted  appearance.  It  might  be  called  a 
brecchia  chalk,  composed  of  roundish  lumps  of  hard  chalk,  cemented  by 
chalk  somewhat  softer.  In  it  were  numerous  veins  of  calcareous  spar,  well 
formed  crystals  of  which  were  in  the  cavities. 

The  flints  which  were  here  in  vertical  layers,  at  the  usual  distance  from 
each  other,  were  not  only  much  shattered,  but  appeared  as  if  they  had 
been  reduced  to  fragments  while  the  chalk  was  yet  m  a  soft  state ;  for  the 
fragments  were  in  general  separated  from  each  other  with  the  chalk  be* 
tween  them :  nor  was  this  latter  only  in  small  quantity,  which  might  be. 
supposed  to  have  arisen  from  infiltration;  but  the  broken  pieces  of  flint 
were  often  at  such  distances,  that  it  is  impossible  to  conceive  by  what 
means  they  could  have  been  so  far  removed,  had  the  chalk  been  solid  at 
the  instant  of  fracture. 

When  the  flints  are  in  this  state,  they  can  scarcely  be  called  nodules ; 
they  are  rather  collections  of  fragments,  that  lie  in  detached  masses  or 
groups ;  and  the  only  circumstance  that  could  induce  me  to  suppose  that 
they  were  originally  entire  nodules,  is  the  sharpness  of  the  fragments,  and 
the  groups  asi^uming  the  same  regular  situations  with  respect  to  each  other, 
that  the  nodules  do. 

Yet  although  the  relative  position  of  the  parts  of  each  nodule  are  fre- 
quently so  entirely  changed,  that  it  is  necessary  to  suppose  moce  motion 
Usan  could  have  taken  pkce  had  the  chalk  been  quite  solid,  this  is  by  no 
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Near  the  junction  of  the  chalk  and  uiferior  formations  in 
Swanwich  baj,  the  inclination  of  the  strata  decreases,  and  herd 
exactly  the  same  series  of  phoenomena  may  be  observed .  aa  in 
the  Isle  of  Wight. 

Near  the  east  end  of  the  Isle  of  Purbeck,  many  singular 
coves  are  excavated  into  the  interior,  some  of  them  in  a  nearly 
circular  form,  the  entrance  from  the  «ea  being  narrow,  and 
opening  into  a  wider  basin :  this  form  arises  from  the  greater 
hardness  of  the  inferior  bed,  the  Portland  limestone  ;  which, 
having  offered  a  stronger  resistance  to  the  action  of  the  waves, 
projects  in  bold  capes ;  while  the  inner  strata  have  been  more 
extensively  worn  away.  The  back  of  several  of  these  coves, 
is  cut  into  the  chalk  strata,  and  fine  cliffs  are  thus  exposed  :  this 
is  the  case  at  Worthbarrow  Bay,  Lulworth  Cove,  and  Durdle 
Cove  ;  in  all  these  the  chalk  strata  are  nearly  vertical,  and  the 
lower  beds  are  seen  in  the  same  order  so  often  alluded  to. 

From  Durdle  Cove  to  Whitenose  point,  about  one  mile  and 
^  half  to  the  west,  the  chalky  cliffs  line  the  entire  coast.  This 
interval  is  interesting  because  it  presents  the  termination  of  the 
vertical  chalk  strata,  and  because  it  is  the  last  chalky  cliff  on 
this  part  of  the  coast,  the  hills  of  that  formation  here  trending 
inland. 

The  termination  of  vertical  beds  appears  to  take  place,  in 
consequence  of  the  course  of  the  chalk  and  the  line  of  the 
coast  trending  to  the  north  of  the  axis  of  the  disturbing  force : 
the  manner  in  which  the  transition  from  the  vertical  to  a  gently 
inclined  position  takes  place,  will  be  best  understood  by  con- 
sulting the  subjoined  sketch. 

White  nose  Bats  cornet' 


As  at  Handfast  point,  the  vertical  chalk  is  here  hard,  the 
horizontal  in  its  usual  state  of  softness ;  this  seems  to  indicate 
some  connexion  between  the  inclination  and  consolidation  of 
the  strata. 

All  the  members  of  the  formation  are  the  same  as  before. 

tneans  the  case ;  every  gradation  being  observable,  from  nodules  of  the 
usual  shape,  only  much  crac^^ed,  to  those  I  have  just  described.  These 
flints  do  not  frequently  fall  into  fragments,  in  the  hand,  as  those  of  the  Isle 
of  Wight,  the  parts  being  firmly  imbedded  in  the  chalk;  but  there  is  the 
same  variety  in  the  size  of  the  fragments,  from  large  pieces  to  the  finest 
powder. 

^  The  nature  of  this  singular  chalk  and  ilint  is  best  examined  on  the  south 
mde  of  Handfast  point,  in  Swanwich  bay,  where  much  of  the  qli^  had 
fallen  down;  on  the  east  face  it  is  both  more  difficult  to  land,  and  to  get 
access  to  it.    (W.  166, 167.) 
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(f)  BETWEEN  I-YME;,  ANJ)$IPMOUTH  IN  DEVON.t 

It  has  been  stated  in  bur  account  of  the  rai^ge  and  extent  of 
(bis  formation,  that  several  insulated,  fmct?  £^s  they  are  termed, 
outlying  masses  of  it,  occur  considerahly  beyond  th^west^. 
ern  termination  of  the.  principal  and  continuous  ran^e  formed 
]by  it.  The  sections  of.  the  south-western  of  these  detached 
groups  against  the  coast  in  the  east  of  Devon,  a^ord  the  last 
fchalk  cliflfs  in  this  direction.* 

These  commence  a  little  to  the  west  of  Lyme  Regis  ^on  the 
-western  border  of  Dorsetshire)^  and  form  a  line  ext^ndm^  be- 
tween six  and  seven  miles  westward  to  the  mouth  of  the  Axe* 
The  chalk  does  not  however  occupy  the  whole  of  the  cliff,  but 
is  confined  to  its  higher  region ;  the  central  being  possessed  by 
the  subjacent  green  sand,  and  the  lower  by  the  lias;  for  the 
chalk  and  green  sand,  iu  their  extension  westwards,  overlie 
all  the  intermediate  formations,  and  become  immediately  in* 
cumbeht  upon  the  lias,  which  in  its  turn  terminates  about  two 
miles  east  from  Axmouth ;  the  green  sand  being  thus  brought 
into  contact  with  the  marie  of  the  new  red  sandstone  for- 
mation. The  undulation  of  the  upper  line  of  the  cliffs  ciits  in 
four  places-  through  the  chalk  to  the  subjacent  green  sand, 
forming  five  distinct  summits  which  bear  the  names  of  L'VVare; 
2.  Piuhay  ;  3.  Whiteland ;  4.  (not  particularly  distinguished)  ; 
5.  Dowlands.  This  enumeration  proceeds  from  east  to  west : 
between  Ware  and  Pinhay  a  fault  occurs  which  throws  down 
the  strata  to  the  west;  beneath  Pinhay  and  Whiteland  an 
Tindercliff  occurs  much  resembling  that  in  the  Isle  of  Wight. 
The  chalk  has  here  subsided  in  a  series  of  terraces  descending 
in  beds  successively  lower  and  lower  towards  the  sea ;  the  stra- 
tification is  throughout  this  range  nearly  horizontal,  and  the 
lower  strata  agree  with  those  before  described f 

On  the  west  of  this  range,  the  river  Axe  empties  itself  into 
,the  Channel  through  a  wide  valley  occupied  by  the  subjacent 
new  red  sandstone,  beyond  which  are  the  precipices  distin- 
guished as  the  White  cliffs.  Here  the  ^strata  dip  rapidly  to  the 
we^t ;  the  green  sand  and  chalk  reappear  in  the  face  of  the 
xliff,  and  are  brought  down  in  succession  by  the  inclination  of 
the  strata  ijo  the  level  of  the  beach*  A  portion  of  the  upper 
part  of  this  cliff  was  about  fifteen  years  since  detached,  and 
subsided  towards  the  beach.     This  point  exhibits  a  striking 

+  By  the  Rev.  W.  D.  Coa^rbeare.  '  ■■ 
*  Mr.  De  la  Beche  has  comnranicated  a  detailed  account  of  this  part  of 
i\it  coast  in  a  ver^  able  memoir  laid  before  the  Geoiogictl  Sdi:i6ty,  from 
which  the  above  brief  abstract  is  principally  t^en. 
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senile  of  niin^  the  shsXt^ted  rUta^B  and  pinnacle?  of  tke  chalk 
being  grouped  together  in  the  most  picturesque  manner.  Th^ 
Tillage^of  Beer,  notorious  for  the  daring  communttj  of  smugglers 
iiFho  inhabit  it,  and  form  as  it  were  a  peculiar  race  distinguished 
by  man  J  singular  customs,  lies  in  the  recesses  of  a  ravine  tra^ 
Tersing  the  white  clitf,  beyond  which  it  is  continued  to  th6 
promontory  of  Beer  head,  the  chalk  here  occupying  the  whole 
cliff.  Round  this  point  the  precipices  continue  without  inter* 
Tuption^o  Branscombe  mouth  westwards ;  the  strata  rise  in  this 
direction,  and  the  green  sand  and  new  red  sandstone,  or  rathe^ 
marie,  again  crop  out  and  form  the  base  of  the  cliff :  so  that 
the  strata  from  White  cliff  to  this  point,  appear  to  lie  in  a  kind 
of  basin.  The  extent  of  this  range  is  between  three  and  fou# 
miles. 

Froih  Branscombe  mouth  the  cliffs  extend  about  five  milel{ 
westwards  to  Sidmouth,  being  broken  by  two  ravines  into  th^ 
separate  groups  of  Branscombe,  Dunscombe,  and  Salcomber 
their  base  is  uniformly  constituted  by  the  marie  of  the  new  red 
sand,  upon  which  the  strata  of  green  sand  repose.  Branscombe 
(the  easternmost  summit),  has  a  covering  of  chalk,  as  has  the 
east  eiid  of  Dunscombe  (the  middle  summit),  remarkable  as 
being  the  western  termination  of  this  formation  in  England. 
The  upper  surface  of  the  chalk  is  here  furrowed  into  consider- 
able inequalities,  and  large  masses  of  it  lie  beyond  its  general 
line — the  proofs  of  the  abrasion  and  destruction  which  it  has 
undergone.  Salcombe,  the  western  summit,  no  longer  exhibits 
any  traces  of  the  chalk ;  but  the  abundance  of  the  flints  of  this 
formation  scattered  over  it,  prove  that  it  has  formerly  existed 
here  also. 

(g)    COAST  OF  FRANCfi.* 

*( 

On  the  opposite  coasts  of  France,  a  series  of  sections  may 

be  observed  almost  exactly  answering  both  in  character  and 

position  to  those  above  described,  demonstrating  the  former 

continuity  of  the  constituent  strata,  t 

♦  By  the  Rev.  W.  D.  Conybeare. 

+  Ott  reviewing  the  many  remarkable  points  of  agreement  between  th« 
clifis  on  each  side  the  Straits  of  Dover,  it  seems  a  supposition  too  reasonir 
able  to  be  ranked  amonemere  hypotheses,  that  they  were  once  united,  and  ^ 
that  they  were  separated  at  some  very  remote  period  by  an  irruption  o€ ' 
the  sea,  which  in  all  probability  ii^uied  away  the  connecting  mass ;  for 
the  unreasonableness  of  the  popular  notion  that  the  two  countries  were 
simply^  rent  asunder  by  some  sudden  convukion,  will  become  apparent, 
when  it  is  further  stated,  that  the  chalk  without  flints  on  the  west  of  Dover 
is  not  less  tlwn  fifty  feet  in  thickness,  while  that  of  Cape  Blanc  Nez  is 

p2 


Digitized  by 


Google 


}l(t  '  fio^II.    Chap«L    Jpp$ndiXi 

Thusy  from  the  low  and  marshy  grounds  near  Calais^  and 
between  that  town  and  Uissant^  a  range  of  chalky  cliff  rises 
directly  facing  those  of  Dover,  and  exhibiting  the  same  sub* 
divisions  of  this  formation,  viz.  I*  Chalk  with  flints,  forming 
the  summit  4)f  the  cliffs ;  then  in  succession,  2.  Chalk  with  few 
£ints  I  3.  bed  with  org^uc  remains ;  4.  Chalk  without  flints  ; 
^.  Grey  chalk.  This  range  of  cliffs  is  however  much  more 
limited  than  that  on  the  English  side,  not  exceeding  three  miles 
in  extent ;  it  commences  about  a  mile  west  of  Sangatte,  forming 
the  cape  called  Blanc  Nez,  and  stretches  towards  St.  Pot.  The 
strata  rise,  as  on  the  English  side,  under  a  low  angle  west* 
Ward ;  and  are,  near  St.  Pot,  as  at  Folkstone,  succeeded  hj 
4the  substrata  of  blue  marie  and  green  sand« 

From  Cape  Blanc  Nez,  the  chalky  downs  recede  inland^ 
ranging  in  a  semicircle  round  the  district  of  Boulogne,  and 
approaching  the  coast  again  near  Etaples*  The  included  area 
is  occupied  by  the  inferior  strata,  and  corresponds  in  position 
with  the  similar  denudation  (as  it  is  termed)  of  Kent  and 
Sussex :  exhibiting,  together  with  the  same  formations,  some 
which  are  lower  in  the  series ;  a  careful  comparison  of  these 
two  districts  would  be  interesting  and  important.  We  shall 
subjoin  to  our  account  of  the  English  denudation,  the  few  par« 
jticulars  we  possess  as  to  the  French. 

Though,  as  we  have  said,  the  southern  extremity  of  the 
semicircular  escarpment  of  the  chalk  again  draws  near  the 
coast  on  the  north  of  Etaples  (thus  answering  the  termination 
pf  the  South  downs  at  Beachey  head  on  the  English  side),  yet 
BO  cliffs,  we  believe  (for  we  have  not  personally  inspected  thid 
point),  occur  on  the  French  side ;  but  a  range  of  sandy  dunes, 
accumulated  at  the  foot  of  the  hills,  preserves  them  from  the 
destructive  agency  of  the  waves. 

scarcely  thirty  feet  thick,  and  that  each  of  the  overlying  strata  at  the  latter 
f>lace,  18  thinner  than  those  near  Dover,  in  about  the  same  proportion ;  so 
that  the  height  of  the  cliffs  on  the  opposite  shores  is  very  nifterent; — that 
immediately  on  the  west  of  Shakspeare's  being  Hot  less  than  500  feet,  while 
that  of  Cape  Blanc  Nex  does  not  exceed  SOD  feet  in  height.  Hence,  sup* 
posing  the  two  countries  to  have  been  once  united,  it  may  be  assumed  that 
the  several  chalk  strata  became  zradually  thinner  in  approaching  that  part 
which  now  constitutes  clifis  on  me  coast  of  France :  hence  also,  it  may  be 
concluded  that  the  country  in  the  neighbourhood  of  Calais,  once  con* 
Atituted  a  part  of  that  tract  which  is  now  termed  the  chalk  basin  of  London. 
<G.  T.  vol.  V.) 

It  is  not  necessary,  in  order  to  account  for  the  a^eement  of  the  opposite 
cpasts,  to  suppcMe  tnat  chains  of  uniform  height  with  those  occupyixig  the 
•land  on  either  side,  once  traversed  the  space  now  possessed  by  the  waves ; 
for  it  is  very  probable  that  these  chains  may,  from  their  original  formation, 
have  had  a  lower  level,— such  as  mi^ht  carry  them  beneath  the  surfisice  of 
ithe  ocean  in  some  part  of  theit  course.    (C) 
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From  the  mouth  of  the  river  Cauche,  near  Staples,  past 
those  of  the  rivers  Authie  and  Somme,  as  far  as  Treport,  the 
shore  is  formed  all  the  way  by  a  line  of  sandy  dunes,  and  the 
land  is  low^*  South  of  the  Cauche,  and  as  far  as  the  Authie,  a 
series  of  argillaceous  and  sandy  superstrata  may  be  seen  covering 
the  chalk:  these  seem  to  indicate  this  tract  ias  the  eastern 
termination  of  the  lajte  of  Wight  basin. 

At  Treport,  about  twelve  miles  eastward  from  Dieppe,  the 
chalky  cliffs  again  rise,  and  here  commences  their  principal 
raoge  on  the  French  coast ;  for  they  extend  hence  about  sixty 
miles  to  Cape  la  Heve  near  the  mouth  of  the  Seine,  presenting 
an  unbroken  barrier  of  a  dazzling  white,  excepting  where  they 
dip  into  some  creek  or  cove,  or  open  to  afford  a  passage  to 
some  river  or  streamlet.  The  cliffs  of  Dieppe,  Cape  L'^illy, 
St.  Valery  en  Caux,  Fecamp,  and  Cape  d'Antifer  or  de  Caux, 
occur,  in  this  interval.  Near  the  latter,  are  some  remarkable 
insulated  pyramids  of  chalk  resembling  in  form  and  circum- 
stances the  Needles  of  the  Isle  of  Wight,  and  denominated 
from  the  same  analogy  les  Aiguilles.  This  long  precipitous 
range  may  be  regarded  as  the  continuation  of  the  chalky  hills 
in  the  centre  and  south  of  the  Isle  of  Wight,  which  lie  directly 
over  against  it,  following  the  line  of  bearing  of  the  strata  from 
north-west  to  south-east. 

The  cliffs  are  often  of  stupendous  height,  exceeding,  it  is 
said,  in  this  respect,  those  of  England,  and  sometimes  attaining 
an  elevation  of  nearly  700  feet,  but  this  is  probably  exaggerated  ; 
Cuvier  assigns  between  300  and  400  only :  their  most  lofty  and 
striking  point  is  near  Fecamp.  Their  stratification  is  nearly 
horizontal,  and  they  are  almost  entirely  formed  of  the  upper, 
or  Hint-bearing  portion  of  the  formation.  In  some  points  they 
are  crowned  by  patches  of  the  superior  strata ;  this  is  the  case 
near  the  light-house  of  St.  Margaret's  on  the  west  of  Dieppe, 
where  a  section  of  the  plastic  clay  series  is  afforded,  exactly 
corresponding  to  that  of  Newhaven  in  Sussex  (G.  T.  voL  iv.)  ; 
the  former  being  perhaps  an  outlier  on  the  south-west,  as  tlie 
latter  is  on  the  north-east  of  the  Isle  of  Wight  basin.  * 

Cape  la  Heve,  where  the  chalk  cliffs  terminate,  is  two  miles 
and  a  half  east  of  Havre.  The  chalk  without  flints,  and  green 
sand,  may  be  observed  in  this  vicinity.  Hence  the  hills  run 
south,  and  their  section  against  the  Seine  produces  a  cliff  at 
Orcher  three  leagues  above  Havre  ;  the  intermediate  tongue  of 
land  is  low  and  consists  of  lias,  containing  crocodiles  bones,  &c. 

*  From  the  notices  of  fossils  in  different  French  writers,  it  seems  pro- 
bable that  the  upper  strata  also  occur  above  the  cliffs  near  Fecamp,  and 
that  the  beds  under  the  chalk  are  to  be  seen  near  the  Cape  de  Caux. 
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Oti  the  south  of  tlie  rifer  the  cliffs  terminate  a€  Trcmtille  sur 
Mer,  west  ef  Honfletir,  close  to  the  mouth  of  the  Toacquej 
rirer';  and  here  the  inferior  oolite  is  exhibited  (as  at  Bridport]|f 
Underlying  the  chalk  and  green  sand.  Further  west,  between 
the  months  of  the  Toucques  and  Dives,  opposite  the  rockij 
called  Yaches  noirs,  is  a  cliff  which  exhibits  chalk  lasting  on  a 
bine  marie  containing  oysters.  To  the  west  of  this  point  the 
coast  is  entirely  occupied  by  inferior  strata.  ♦ 

*  The  compartton  of  the  inteiral  between  these  chalk  difis  and  th^ 
transition  rocks,  df  the  Cotentin,  with  the  sections  of  the  Dorset  and  Devon 
coast,  would  prove  very  interesting :  round  Caen,  extending  nearly  to  the 
mouth  of  the  Orne,  oolite  occurs;  at  Bayeux,  inferior  oolite:  near  the 
mouths  of  the  Seuille  and  Virre,  are  clifi^  of  lias  with  gryphites  and  amnions^ 
ites;  they  extend  on  the  west  of  the  latter  river  toVirrevillenear  Carentan* 
Coal  is  worked  at  Litry,  two  leagues  south-west  of  Bajeux*  The  Junction 
of  the  transition  slate  runs  by  the  banks  of  the  Vire  to  St.  Lo,  and  thenc^ 
east  to  Aulnay. 
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CHAPTER  11. 
BEDS  BETWEEN  THE  CHALK  AND  OOLITE  SERIES. 

Section  L 

(o)  Introductory  view. ''^  "Viewed  bathe  Urgescalf,  the 
interval,  hetween  th^  chalk  and  oolites  maj  be  described  as 
occupied  by  a  series  principally  consisting  of  beds  of  Siliceous 
^and,  which  probably  have  an  aggregate  thickness  in  the 
grejtter  part  of  their  course  of  not  )es8  than  1000  feet,  and 
form  that  extensive  sand  tract  which  is  universally  to  be  traced 
beneath  the  escarpment  and  infeiior  termination  of  the  chalky 
Ganges. 

"  In  the  southern  counties,  where  this  series  is  exhibited  in 
the  roost  complete  manner,  Jts  subdivisions  are  plearly  ascer- 
tained ;  but  in  the  midland  and  north-eastern,  they  nave  not 
as  yet  been  so  well  determined. 

Where  the  series  is  fully  developed,  the  sandy  beds  are 
found  to  be  divided  into  two  groupes,  separated  by  an  inter- 
mediate bed  of  clay;  the  upper  sandstoii^  being  distinguished 
]b>y  the  general  occurrence  of  nupierous  interspersed  specks  of 
a  greenish  substance,  probabiy  coloured  by  oxide  of  irdu,  and 
the  lower  by  a  deep  ferruginous  hue  derived  from  the  abun- 
dance of  brown  oxide  of  iron  they  contain :  hejice  the  former 
IS  usually  called  the  Green  Sand  Formation,  and  the  Utter  that 
of  Lron  Sand ;  occasionally,  however,  some  of  the  iip|>er  -beds 
assume  the  same  ferruginouis  appearance,  f    Interposed  be« 

•  By  the  Rev.  W.  D.  Conybeare. 
-  +  The  occasional  occurrence  of  the  green  particles  in  other  beds,,  par- 
ticularly in  the  chalk  marie,  and  the  ferruginous  cbariacter  of  spfiicof  the 
iiedis  of  the  upper  or  green  sand  formation,  has  been  an  occasion  of  deceivf 
ing  even  experienced  observers  who  have  cox^fined  their  exanuna^ioh  to  a 
jiingle  point ;  but  when  the  field  of  observation  is  more  extensive,  and  the 
great  and  continuous  ranges  of  these  upper  and  lower  sands,  a^e  traced 

K>m  their  sections  on  the  coast. through  the  interior,  particular  attention 
ing  paid  to  the  course  and  character  of  the  intermediate  clay,  their  family 
and  relations  will  be  clearly  ascertained.  These  observations  principally 
refer  to  the  Weald  countries. 
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tween  the  upper  or  green  sand  and  the  chalk,  beds  of  an 
argillo-calcareous  character  are  always  found ,  occasicmally 
themselves  also  mingled  with  sand ;  and  into  those  beds  the 
lower  chalk  seems  to  graduate  by  an  almost  insensible  tran« 
sition,  by  the  admixture  of  argillaceous  and  siliceous  matter 
through  its  substance.  To  these  iotermediate  beds  the  name  of 
Chalk  marie  has  been  given  ;  hence  we  have  the  following 
subdivisions, — ^beginning  with  the  highest  member  of  the  series 
and  reckoning  downwards. ' 

A.  Chalk  marie. 

B.  Green  sand. 

C.  Clay  dividuig  the  sands ;  which,  as  it  occurs  on  the 

most  extensive  scale  in  the  Wealds  of  Kent,  Surrey, 
and  Sussex,  may  be  called  the  Weald  clay. 

D.  Iron  sand.* 

tn  applying  the  term  formations  to  these  subdvisions,  we 
wish  to  be  understood  as  using  it  only  as  a  convenient  desig- 
nation for  a  large  assemblage  of  similar  strata.  Viewed  under 
a  more  general  aspect,  the  whole  series  perhaps  might  be  con- 
sidered as  constituting  but  one  formation ;  yet  each  of  these 
subordinate  members  is  in  itself  of  sufficient  importance  to 
require  a  distinct  and  specific  notice,  and  singly  forms  the  mass 
of  considerable  ranges  of  hills* 

All  these  formations  are  probably  of  marine  origin.  It  should 
be  noticed,  however,  that  the  Vivipara,  a  fluviatile  shell,  ha^ 

*  It  would  have  been  considered  detirable  to  subjoin  a  list  of  the 
synonymes  under  which  Mr*  Smith  describes  these  fofmations,  but  he 
candidly  acknowledges  the  difficulty  of  discriminating  between  them;  and 
at  can  scarcely  be  considered  as  any  impeachment  of  nis  general  accuracy, 
to  add  that  he  has  not  succeeded  in  the  attempt. 

The  great  foundation  of  his  errors  in  this  respect,  appears  to  have  been 
an  hasty  identification  of  the  limestone  beds  associateid  in  the  Kentish  rag 
or  green  sand  formation,  with  those  of  the  Portland  series:— > an  iden- 
tification which  is  absolutely  contradicted  by  a  comparison  of  the  series  of 
formations  as  exhibited  in  the  Weald  of  Kent,  in  the  Isle  of  Wig^t,  and 
in  Dorsetshire*  Hence  the  clay  underlying  the  Kentish  rag  and  green  sand 
(our  Weald  clay)  is  in  many  instances  confounded,  under  the  name  of  Oak- 
tree  clay,  with  that  underlying  the  Portland  series  (our  Kimmeridge  clay). 

The  iron  sand,  describea  by  Mr.  Smith,  under  the  names  of  brick  earth. 
Mid  sand,  and  rock  producing  the  Portland  stone  (because  it  immediately 
overlies  that  formation),  is  from  the  same  cause  confounded,  in  the  Weald 
district,  with  the  real  green  sand  formation. 

The  writer  of  this  article,  when  on  a  tour  in  the  Isle  of  Wight  and 
Purbeck  in  1813,  formed  detailed  lists  of  the  several  strata  constituting  the 
series  as  exhibited  in  the  various  points  where  their  sections  are  exposed 
in  that  interesting  district :  these  are  unfortunately  in  the  custody  of  a 
friend  now  on  the  continent,  but  they  ^vrill  be  aadcd  if  possible  ip  an 
appendix  at  the  end  of  this  work* 
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been  supposed  to  occur  m  the  Weald  clay ;  but  the  identifica* 
tion  of  the  species  cannot  be  considered  as  complete. 

In  treating  of  these  formations,  the  method  pursued  will  be^ 
first,  to  give  an  account  of  their  general  characters,  as  they  are 
seen  where  the  series  is  most  fully  developed,  under  the  usual 
heads,  considering  each  separately;  and  secondly,  to  give  a 
more  detailed  view  of  the  different  districts  occupied  by  them 
collectively,  noticing  the  peculiarities  presented  in  each  of 
these,  and  the  points  concerning  which  further  information  is 
required  to  render  their  comparison  entirely  satisfactory  and 
complete.  The  article,  range  and  extent,  among  the  general 
heads  will  therefore  be  restricted  to  a  brief  notice,  as  all  local 
and  geographical  particulars  will  be  fully  treated  of  in  the 
second  division. 

.  (d)  Foreign  localities.  Before  proceeding  to  the  detail  of 
the  separate,  we  shall  subjoin  a  comparative  sketch  of  the 
analagous  formations  on  the  continent. 

As  we  have  before  traced  the  chalky  tract  from  England  into 
France,  we  shall  also  find  these  subjacent  beds  following  its 
course  (the  limits  of  which  were  then  assigned)  through  that 
country ;  thus,  they  are  seen  skirting  the  chaik  of  the  Boulogne 
district,  opposite  the  appearance  in  Kent  and  Sussex,  at  the 
western  limit  of  the  chalk  cliffs  about  Havre  and  Honfleur,  and 
the  eastern  boundary  at  Valenciennes,  where  the  green  sand 
assumes  a  conglomerate  character  and  is  known  by  the  name 
of  Turtia.  Between  these  points,  the  beds  in  question  form  a 
broad  zone  of  sandy  country  circling  round  the  area  of  the 
chalk,  on  the  east  side  forming  only  a  narrow  band,  but  on  the 
south  and  south-west  occupying  a  considerable  space.  Mr. 
Omalius  d'Halioy  has  described  the  series  under  the  title  of 
the  lower  chalk,  wj^ich  seems  very  unfortunately  chosen,  since 
it  is  only  mineralogically  applicable  to  a  very  small  part  of  it 
(that  corresponding  to  our  chalk  marie),  and  has  led  to.  much 
confusion  both  as  to  the  description  of  the  chalk  formation  it- 
self, and  its  constituent  fossils.  This  author  notices  the  follow- 
ing subdivisions.  1.  Chalk;  sometimes  of  a  coarser  texture, 
occasionally  mixed  with  clay^  sand,  and  chlorite,  co»taining 
pale  flints  abundantly.*  2.  Tuffeau ;  coarse  sandy  chalk  mixed 
with  chlorite.  3.  Sands  and  sandstones ;  often  mixed  with 
calcareous  matter.  4.  Greyish  clay;  commonly  of  a  marly 
character,  sometimes  mixed  with  chlorite  :  the  passages  of 

*  Although  the  constant  abundance  of  pale  flints  may  seem  to  distinguish 
this  bed  from  the  chalk  marie  of  England,  yet  the  latter  is  represented  as 
containing  beds  of  flint  in  some  parts  of  Cambridgeshire ;  and  beds  of  chert 
occur  beneath  the  harder  varieties  of  it  near  Reigate  in  Surrey. 
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these  modifications  into  one  another,  and  their  alternations, 
prevent  the  decided  determination  of  their  order  of  super- 
position, further  than  the  assigning  the  highest  position  in  the 
series  to  No.  1.  Such  is  the  account  given,  in  which  we  may 
clearly  recognise  the  chalk  marles  and  green  sands  of  our  own 
series.  More  precise  information  may  be  soon  expected  from 
a  survey  of  the  western  termination  of  the  chalky  cliffs  of 
France,  on  the  eve  of  being  undertaken  by  Mr.  de  la  Beche :  a 
translation  of  Mr,  d'Halloy's  memoir  will  be  found  in  the 
Annals  of  Philosophy  for  Feb.  and  April  1818.  The  beds  in 
question  form  the  green  coloured  tract  in  the  accompanying 
map.  The  writer  has  seen  series  of  organic  remains  agreeing 
with  those  of  the  English  green  sand  from  near  Havre,  and  lists 
of  similar  ones  found  at  Valenciennes. 

On  the  northern  borders  of  the  Alps,  the  highest  beds  of  the 
exterior  calcareous  chains  consist  of  a  dark  coloured  limestone 
often  mixed  with  sand  and  green  particles,  and  agreeing  in  its 
fossils  with  this  part  of  the  English  series,  with  the  addition  of 
nummulites,  which  are  rare  (although  they  do  occasionally 
occur)  in  these  beds  in  England.  Similar  beds  are  mentioned, 
and  in  a  similar  position,  on  the  skirts  of  the  Maritime  Alps 
near  Nice,  in  Mr.  Allan's  account  of  that  neighbourhood.  (Ed. 
Phil.  Trans.)  They  form  the  second  limestone  of  the  memoir . 
referred  to. 

The  sandstone  of  Saxony,  generally  known  under  the  Wer- 
nerian  name  of  Quader  sandstein,  which  forms  such  romantic 
scenery  between  Dresden  and  Pima,  and  extends  through 
Silesia,  skirting  the  primitive  chains  of  the  Erze  and  Riesengc- 
berge  on  the  north  towards  Glatz,  and  is  again  found  on  the 
south  in  Bohemia,  probably  belongs  to  this  series.  Von  Reaumer 
notices  that,  in  Silesia,  it  occasionally  contains  green  particles  ; 
but  its  general  characters,  and  its  few  fossils,  give  it  a  nearer 
resemblance  to  the  paler  beds  of  the  iron  sand  as  they  are  pre- 
sented near  Hastings,  with  which  it  agrees  also  in  containing 
vegetable  remains.  Sandy  tracts,  probably  of  similar  age,  occur 
in  many  other  parts  of  Germany,  particularly  between  Bamberg 
and  Bayreuth,  near  the  cavernous  limestone,  but  their  relations 
are  not  as  yet  ascertained ;  nor  do  we  yet  possess  the  means  of 
pursuing  these  beds^  if  indeed  they  exist,  in  other  parts  of  the 
world. 
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Section  II. 

Chalk  Marie* 

These  Heis^  which  occur  immediatelj  beneath  the  chalk, 
graduate  into  the  lowest  strata  of  that  substance,  in  such  a 
manner  that  very  often  no  distinct  line  of  separation  can  be 
traced.  The  harder  beds  at  the  bottom  of  the  chalk  series, 
described  in  the  former  chapter,  afford  an  example  of  this 
transition,  and  perhaps  might  have  been  placed  with  equal 
propriety  under  this  head ;  it  may  therefore  be  necessary 
again  in  some  instances  to  allude  to  them.  On  the  other 
hand,  the  lowest  beds  of  the  chalk  marie  often  pass  into  those 
of  the  green  sand,  and  it  is  somewhat  difficult  to  catch  any 
precise  characters  for  a  formation  which  is  thus  rather  inter- 
mediate between  two  others,  than  possessed  of  independent 
features.  The  following  descriptions  will  be  taken  (unless 
when  it  is  otherwise  stated)  from  the  appearance  of  these  bed* 
in  Kent,  Surrey,  and  Sussex,  where  their  relations  are  most 
clearly  developed. 

(a)  Chemical  and  external  characters.  The  composition  of 
these  beds  consists  apparently  of  three  ingredients,  intimately 
mixed,  but  in  variable  proportions;  1st,  cretaceous  matter; 
2dly,  argillaceous  matter;  3dly,  sand.  In  the  upper  beds, 
near  its  junction  with  the  chalk,  the  cretaceous  matter  pre- 
vails ;  and  these  usually  appear  as  chalky  beds,  distinguished 
from  the  true  chalk  by  a  greyish  or  mottled  character,  and  by 
a  more  laminated  texture,  and  by  falling  to  pieces  when  wetted 
and  dried  again.  It  greatly  varies  in  hardness,  but  will  not 
usually  mark  like  chalk,  and  often  acquires  sufficient  consis- 
tency for  architectural  purposes ;  its  aspect  is  also  more  gritty 
than  the  chalk  usually  is.+  Where  the  argillaceous  matter  pre- 
vails in  excess,  a  tenacious  argillaceous  marie  of  the  ordinary 
characters,  and  of  a  bluish  grey  colour,  is  the  result.  Beds  of 
this  character  often  underlie  the  former,  as  at  Folkstonein 
Kent.  Thirdly,  where  the  sand  prevails,  a  fine-grained  grey- 
ibh  sandstone  of  loose  texture  is  produced,  which  forms  a  linl^ 

•  By  the  Rev.  W.  D.  Conybeare. 

f  A  more  detailed  account  of  the  character  of  the  harder  beds  which  ar« 
worked  in  Surrey  for  architectural  purposes,  and  afford  a  good  fire-stone, 
will  be  found  in  the  account  of  the  Weald  district  in  the  second  division  of 
this  chapter.  That  of  the  Isle  of  Wight  (W.)  is  a  eood  building  ston^  is 
Bofc  when  first  taken  out  of  its  bed,  but  hardens  by  exposure  All  the. 
ancient  Gothic  churches  on  the  north  side  of  the  island,  have  been  con« 
•tructed  of  it. 

<|2 
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graduating  into  the  beds  of  green  sand.  Sometimes  these  mo« 
difications  occur  in  distinct'  beds  with  well  defined  lines  of 
separation,  but  more  usually  blended  together,  and  passing  into 
one  another.  The  more  argillaceous  form  which  occurs  at 
Folkstone  was  found  by  Mr.  R.  Phillips  to  lose  13  parts  out  of 
100,  on  being  submitted  to  the  action  of  an  acid,  Indicating 
the  presence  of  pearly  30  per  cent,  of  carbonate  of  lime :  the 
m<Nre  cretaceous  forms,  82  per  cent,  carbonate  of  lime^  18  ulex 
and  alumin^^  chiefly  the  former,  and  a  trace  of  oxide  of  .iron. 
.  The  marly  Tarietie^  occasionally  contain  concretional  masses 
of  the  more  dretaCeous  and  siliceous  forms ;  beds  of  ch^H  also 
occasionally  occur  in  these  strata)  as  at  Reigate,  and  flinty 
nodules  in  sotae  p^rts  of  Cambridgeshire*  Besides  the  above 
Tarieties,  a  singular  appearance  is  assumed  by  the  lower  ^halk 
beds  in  many  parts  of  Yorkshire  And  Mnpolnshire ;  which,  as 
has  been  mentioned  in  the  preTious  chapter,  have  often  a  daric 
red  colour,  (see  particularly  the  note  on  Hanstanton  diff,  page 
78);  these  beds  probably  belong  to  this  ^part  of  the  series^ 
and  derive  their  colour  from  the  mixture  of  oxide  of  iron. 

(b)  Mineral  contents.  Irregular  nodules  and  radiated  masses 
of  iron  pyrites  are  common  both  in  the  cretaceous,  and  .argilla* 
Ceous' varieties;  in  the  latter,  geodes  and  septaria,  with  cal- 
careous spar  and  selenite,  and  occasionally  sulphate  of  lime^ 
also  occnr,  if  the  marly  beds,  which  will  hereafter  be  mentioned 
^  occurring  in  Yorkshire  and  Cambridgeshire  beneath  the 
chalk,  really  belong  to  this  formation^. 

(c)  Organic  remains.  The  upper  cretaceous  beds,  near  the 
junction  with  the  chalk,  contain  organic  remains  of  a  nearly 
similar  character  with  thos^  of  the  lower  chalk ;  viz.  nautilusy 
inoc^ramus,  echini^  alcj^onia  and  sponges^  but  the  lowe^  and 
more  argillaceous  strata  are  distinguished  by  a  rich  variety  of 
singular  and  peculiar  fossils^  especially  in  the  order  of  imulti- 
locular  shells.  In  the  following!  list,  references  to  the  figures 
in  Sowerby*s  Mineral  Conchology  are  given.  Ammonites. 
A.  MantelU,  plate  55.  A.  ininutus,  .53.  fig.  3.  A*  planicostay 
73.  A.  rostratus,  173  ?  A,  splend^ns,  103.  fig.  1.  ^  A.  va- 
rians,  176.  Nautilus.  JV»  inaeqnalis^  40.  fig.  10.  N.  elegans, 
116.  JV.Comptoni^  121^  tfa}itfire#^  the  species  of  this  singular 
genus  are  numerous  and  very  abundant  at  Folkestone ;  many 
figures  of  these  are  given  in  plates  61  &  62.  Plate  168  ex- 
hibits a  remarkable  variety  armed  with  spines  from  beds  pro- 
bably of  this  formation  at  Roak,  in  Oxfordshire.  Plate  215 
shews  the  same  from  the  Isle  of  Wight,  and. some  other  species. 
These  fossils  may  be  considered, as  peculiar  to,  and  highly 
characteristic  of^  this  formation. 
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S'c«pAi7w,  plate  18.  fig.  4  to  7. 

TurriUtes  costata,  36.     T.  tuberculata,  74. 

Belemnites — some  varieties  small  and  fusifonn. 

Of  Univalves  not  chambered^  have  been  found, 

DerUaUum  decussatum,  plate  70.  fig.  5;   D.  cllip- 

tlcum,  ib.  %.  d  &  7. 
Vermiculana  umbonata,  57.  fig.  6  &  7. 
Cerithium  melanoides,  147» 
Euomphalus. 
Patella  laris,  139.  fig.  3. 

Of  Bivalves,  occur, 

Terehraiula  biplicata,  91. 

Area  subacuta,  44* 

iVwcw/a  pectinata,  192.  fig.  6  and  7. 

Pecten  Beaveri,  158. 

Inoceramusi 

Of  the  Echinus^  a  variety  of  Spatangus  is  found. 

Among  Zoophytes  \  Madrepora,  a  conical  variety  probably 
belonging  to  the  genus  Turbinolia  of  Lamarck. 
The  Pentacrinite. 

Remains  of  the  higher  or  vertebral  animals  are  not  common  ; 
but  apparent  fragments  of  bones  have  been  found  at  Folkestone, 
and  ^  fossil  fish  in  the  analogous  beds  of  Cambridge ;  where, 
^id  at  Mailing  in  Kent,  several  species  of  cancer  are  also  found, 
and  mineral  wood,  near  Cambridge,  (G.  T.  vol.  5.  p*  115,) 
and  at  Folkestone  (ibid*  p.  27,)  in  numerous  fragments,  often 
of  several  inches  in  diameter,  and  sometimes  retaining  the 
woody  fibre ;  they  mostly  lie  on  the  green  sand,  and  are  en- 
veloped in,  or  the  interstices  of  their  outer  part  are  filled  with, 
pyrites,  which  is  commonly  in  a  state  of  decomposition,  one  of 
the  consequences  of  which  is  the  formation  of  selenite  in  crys- 
tals, which  are  often  well  defined.  These  are  either  attached 
io  the  fossil  wood,  or  lie  imbedded  near  it. 

(d)  Range  and  extents  As  in  treating  of  the  several  dis- 
tricts occupied  by  these  formations  in  the  second  division  of  this 
chapter,  we  shall  be  enabled  to  give  all  the  geographical  parti- 
culars connected  with  it  with  greater  distinctness,  we  shall  here 
confine  ourselves  to  observing  generally,  that  the  beds  now  des- 
cribed occupy  a  band  extending  beneath  the  foot  of  the  north- 
western escarpment  of  the  main  chalk  range,  and  in  the  south- 
eastern counties  beneath  the  southern  escarpment  of  the  north 
Downs^  and  the  northern  escarpment  of  the  south  Downs.  The 
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breadth  of  this  tract  varies  generally  from  one  to  two  miles, 
but  if  the  Cambridgeshire  gait  is  properly  referred  to  these 
beds,  it  is  there  coi^siderabiy  greater. 

(e)  Thickness.  Near  Folkstone  the  cretaceous  varieties 
occupy  about  200  feet,  and  the  inferior  argillaceous  beds  about 
the  same.  From  300  to  400  feet  may  probably  be  assumed  as 
a  fair^verage  thickness  for  these  beds ;  which,  like  all  other 
strata,  are  very  variable  in  this  respect  when  compared  in  dis- 
tant points. 

(/)  Inclination.  The  strata  are  always  conformable  to  the 
subjacent  chalk,  and  therefore  generally  approach  the  horizon* 
tal  position ;  but  in  the  disturbed  ranges  of  the  Isle  of  Wight 
and  Purbeck,  they  become  nearly  vertical. 

(g)  Height.  The  cretaceous  and  siliceous  varieties,  espe- 
cially when  they  assume  an  harder  texture,  frequently  form 
an  under  terrace  beneath  the  escarpment  of  the  chalk  hills : 
this  may  be  particularly  seen  in  Berkshire.  The  highest  hills 
thus  formed,  are  those  on  which  the  old  Roman  camp  called 
Sinodunum  hangs  over  the  Thames  opposite  Dorchester ;  they 
are  detached  and  bold,  and  are  probably  about  500  feet  above 
the  sea.  The  argillaceous  beds,  having  offered  less  resistance 
to  the  causes  which  have  modified  the  surface  of  our  continents, 
form  low  grounds  at  the  base  of  the  escarpment  of  these  ranges. 

(h)  Agricultural  character Sf  The  cretaceous  varieties  are, 
like  the  chalk  itself,  favorable  to  the  growth  of  the  beech. 
Where  this  and  the  argillaceous  varieties  are  blended,  a  warm 
crumbling  marly  soil,  very  rich  and  valuable,  is  produced  ;  but 
where  the  argillaceous  forms  exclusively  occur,  a  deep  stiff 
clay  which  requires  the  labour  of  years  to  render  it  mellow. 
Flint  gravel,  derived  from  the  overhanging  chalk  ridges,  is 
however  often  spread  over  this  tract,  and  materially  modifies 
its  characters. 

(?)  Phosnomena  of  Springs.  The  waters  which  percolate 
through  the  rifty  strata  of  the  supeijacent  chalk,  are  usually 
thrown  out  by  some  of  the  more  tenaceous  beds  in  the  upper 
part  of  this  series ;  but  having  passed  the  line  of  these  springs, 
it  is  necessary  to  sink  the  wells  to  a  considerable  depth,  often 
200  feet,  in  order  to  pierce  the  retentive  argillaceous  strata  and 
reach  the  waters  percolating  through  the  subjacent  sandy  bedSj 
and  thrown  up  by  their  argillaceous  partings. 
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Section  III. 
GREEN  SAND.* 

This  is,  in  respect  of  its  mass,  and  the  number  and  beautj 
of  its  organic  remains,  one  of  the  most  important  formations 
between  the  chalk  and  oolites.  In  all  the  southern  counties  its 
beds  occupy  a  great  thickness,  and  may  be  readily  traced, 
as  distinct  from  the  other  members  which  occupy  this  interval ; 
but,  as  we  have  before  remarked,  in  the  Midland  and  Northern 
counties  their  course  is  much  more  obscure,  and  cannot  yet  be 
considered  as  fully  elucidated. 

(a)  Chemical  and  external  characters.  The  green  sand 
consists  of  loose  sand,  and  of  sandstone.  The  sand  is  siliceous, 
but  the  cement,  when  in  the  form  of  sandstone,  is  generally, 
calcareous.  Both  sand  and  sandstone  mostly  contain  minute 
portions  of  a  substance  which  has  been  termed  Green  Earth,  f 
which  has  not  been  chemically  examined,  but  very  probably, 
derives  its  colour  from  the  suboxide  of  iron ;  and  very  com- 
monly spangles  of  mica;  subordinate  beds  and  masses  of  chert, 
and  veins  of  chalcedony  usually  occur;  and  also  frequently 
alternating  beds  and  nodules  of  limestone,  which  in  the  Isle 
of  Wight  is  termed  Rag^  and  which  is  identical  with  the 
Kentish  Rag.  Much  obscurity  has  been  produced  by  con- 
founding the  limestone  of  this  formation  with  that  of  Portland ; 
from  which,  in  geological  position,  characters,  and  fossils,  it  is 
perfectly  distinct.  Beds  of  clay  also  form  occasional  separa- 
tions in  this  formation.  In  the  series  of  these  beds,  chert, 
flint,  and  chalcedony  continually  pass  into  each  other  by  in- 
sensible gradation :  owing  to  their  hardness,  they  are  often 
discoverable  on  the  summits  of  hills,  as  at  Leusden,  Pilsden, 
&c.  The  flinty  and  chalcedonic  varieties  are  much  more 
frequent  in  the  west  of  England  than  in  the  eastern  part  of 
Kent,  but  they  occur  very  commonly  in  Surrey :  the  most 
beautiful  are  found  near  Charmouth  in  Dorsetshire. 

The  differences  of  appearance  which  characterise  different 
beds  of  this  formation,  and  often  indeed  affect  all  its  beds  in 
particular  localities,  arise,  first,  from  a  difference  of  texture, 
which  passes  from  a  Very  coarse-grained  sandstone,  and  even  a 

♦  Chiefly  by  the  Rev.  W.  D.  Conybeare.  Much  information  has  also 
been  extracted  from  Mr.  Greenough's  Notes. 

+  These  green  particles  are  not  confined  to  this  bed,  but  are  seen  also  in 
the  London  clay  above  the  chalk,  in  the  lower  chalk,  in  the  Purbeck  beds 
beneath  the  iron  sand,  and  in  the  upper  beds  of  the  Kimmeridge  clay 
when  in  contact  with  the  Portland  limestone. 
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distinctly  conglomerated  ropk  ccnita;iniQg  large  rounded  frag- 
ments of  quartz,,  to  the  finely  granular  form :  of  which  latter 
Tariety,  the  quarries  of  Blackdown  in  Devonshire,  which 
principally  supply  England  with  whetstones,  afford  the  best 
examples ;  and  secondly,  from  the  greater  or  less  quantity  of 
the  green  particles ;  these  often  prevailr  to  such  a  degree,  as  to 
impart  to  the  rock  its  predominn^ing  aspect ;  often  they  are  so 
few,  9A  \6  permit  it  to  assume  a  grey  or  even  biiff  colour*  In 
some  beds  also,  the  sand  is  deeply  coloured  by  brown  oxide  of 
iron ;  a  circumstance  which  gives  weight  to  the  opinion,  that 
the  green  particles  owe  their  colour  to  the  same  metal.  In:  the 
latter  case,  it  is  difficult  if  not  impossible  to  distinguish  the 
individual  beds  from  those  of  the  subjacent  formation  of  iron 
sand;  but  if  the  formation  li>e' regarded  as  a  whole,  and  the 
tract  oecujpied  by  it  traced  continuously  to  some  distance,  all 
such  partial  difficulties  will  always  be  found  to  vanish,  and  the 
general  truth  will  be  elicited  with  the  cleaifest  evidence.  Here^ 
as  throughout  this  science,  extended  and  combined  observation 
is  the  only  safe  guide. 

It  does  hot  appear  that  any  certain  order  of  superposition 
can  be  traced  to  any  distance  in  the  varieties  above  described, 
but  that  they  continually  pass  into  one  another,  and  are  irregu^ 
iarly  blended  together ;  a  constant  uniformity  of  character  can 
hardly,  from  the  circumstances  of  the  case,  be  expected  in 
extensive  depositions,  so  obviously  mechanical  in  their  origin. 
The  Fuller's  earth  beds  of  Nutfield  in  Surrey  form  another 
variety  subordinate  to  this  formation. 

(b)  Mineral  contents*  Iron  pyrites  has  been  found  in  this 
rock  at  Folkstone  in  Kent  and  Caistor  in  Lincolnshire,  and 
haematitic  and  stalactitic  iron  have  been  seen  in  the  ferruginous 
beds.  Near  Nutfield  in  Surrey,  it  contains  crystallised  sul- 
phate of  barytes  of  a  yellow  colour,  of  which  the  interstices 
are  often  filled  with  opake  quartz.  The  cherty  nodules  aU 
ready  mentioned,  often  afford  chalcedonies  and  quartz  crystals 
ef  great  beauty.  It  is  scarcely  necessary  to  add  that  the  cal- 
careous, matter  dispersed  through  this  formation,  often  yields 
crystallized  varieties :  the  occurrence  of  spangles  of  mica  has 
been  already  mentioned. 

(c)  Organic  remains.  The  organic  remains  of  this  forma- 
tion are  extremely  numerous;  and  often  when,  as  at  Black- 
down,  imbedded  in  the  more  siliceous  varieties  of  its  rocks, 
occur  in  a  state  of  preservation  equally  singular  and  beautiful, 
the  origmal  calcareous  matter  of  the  fossil  being  entirely  re- 
placed by  an  infiltration  of  chalcedony.  In  tlus  state,  it  is 
often  easy  to  detach  them  completely  from  the  loose  sandy 
matrix ;  and  they  then  appear,  although  having  undergone  a 
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thorough  conversion  of  substance,  with  all  the  sharpness  and 
character  of  recent  specimens. 

Of  the  higher  animals  no  remains  have  yet  been  found,  ex- 
cept a  few  teeth  of  fishes,  both  of  the  conical  and  lanceolate 
figure. 

Of  the  Testacea,  the  remains  are  so  numerous,  that  the 
quarries  of  Blackdown  alone  afford  150  species.  It  would  not 
be  consistent  with  the  plan  of  this  work  to  enter  into  the  de- 
tail of  such  a  list ;  we  shall  limit  ourselves  therefore,  in  most 
instances,  to  specifying  those  figures  of  which  can  be  referred 
to  in  Sowerbj's  Mineral  Conchologj. 

Univalves  chambered. 

Ammonites  auritus,   plate  134.  f     A.  inflatus,  178. 

^.monile,  117.  ^.  Nutfieldiensis,  108.   ^.  Good- 

halli,  225. 
Nautilus  undulatus,  40.     N.  simplex,  122. 
Hamites  spinalosus,  215. 
Turrilites  costata,  36.     T.  obliqua,  75^  fig.  4. 
BelemniteSf  elongated  with  a  sma^l  furrow  on  ^e 

apex. 

UiaVALVES  NOT  CHAMBERED. 

Helix  gentii,  145. 

:n^ochus      i  ^y^^^^  ^^^  g     ^^^  .^  Smith'f  plat«  of 

%^ella\      «-ensanl"fo«ils. 

Natica  canrena  ?  Parkinson,  vol.  3.  plate  6.  fig.  2. 

Murex ;  Smith's  plate  of  green  sand  fossils. 

Pkurotoma  rostrata,  146. 

Rostellaria;  Parkinson,  vol.  3.  plate  5.  fig.  11  &  12. 

Auricula  incrassata,  163. 

Ampullaria  ?.. 

Planorbis  euompalus,  140.  fig.  8.    P.  radiatus,  140. 

fi^.  5. 
Turbo  carinatus,  240.  fig.  7. 
Vioipara  extensa,  31,  fig.  2. 

Tubular  univalves. 
Serpula. 

DeniaUum  medium,  79,  fig.  5. 
Vermicularia  concarra,  57,  fig.  \  to  5. 
Patella  locris. 

f  All  the  refitrences,  unlest  wherie  otherwise  specified,  are  to  the  Plates 
of  8ow^by*s  Minei:^  Conchology. 
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BiTALTES. 

Area  carinata,  pi.  44.  fig.  11. 

Cucullcea  glabra,  67.     (7.  carinata^  207.  fig.  1.     C. 

fibrosa,  207,  fig.  2. 
Nucula. 
Trigonia  daedalea,  88.   T.  spinosa,  80.  T.  ecc^ntrica 

208.  fig.  2.     T.  affinis,  208.  fig.  3. 
Pecten  quadricostatus,  56.  fig.  1  &2.   P.  quinquecos- 

tatus,  56.  fig.  3  to  8.     P.  echinatus. 
Pectunculus ;  Smith's  green  sand  plate. 
Terehratula  biplicata,  90.    T.  intermedia,  15.  fig.  8. 

r.  ovata,  15.  fig.  3.    T.  lyra,  138.  fig.  2.    T.  pec- 

tita,  138.  fig.  1. 
Cardium  Hillanum,  14.  C  proboscideum,  156.  ^g.  1« 

C  umbonatnm,  156.  fig.  2  to  4. 
Venus  angulata,  65.  F.  equalis,  31.   F.  lincolata,  20. 

F.  plana,  20. 
Cardita  tubercnlata,  143. 
Dianchora  striata,  80. 
Corbula  gigantea,  209.  fig.  5Q.      C,  laevigata  209. 

fig.  1.  2. 
Chama  canaliculata,  26.  fig.  1.    C  conica,  26.  fig.  3. 

C.  haliotidea,  25.     C  plicata,  26.  fig.  4.     C  re- 

curvata,  ?6.  fig.  2.     C.  digitata,  174. 
Ostrea  crista  galli,  (not  figured).     O.  gregarea.  111. 

fig.  1. 
Inoceramus ;  same  varieties  as  in  the  chalk  marie. 
M9f($  mandibula,  43. 
Modiola  pallida,  8. 
Ferna. 

The  family,  Echinus^  presents  in  this  formation  several  spe- 
cies of  the  divisions  Cidaris  and  Spatangus,  and  one  small  spe- 
cies of  Conalus.  In  these  there  is  a  considerable  resemblance 
to  those  of  the  chalk,  but  seldom  a  complete  identity.  This 
is  the  lowest  formation  in  which  the  Spatangi  have  yet  been 
found  in  England,  and  the  only  one  besides  the  chalk  which 
afibrds  Conulus.  Many  of  the  species  of  Echinus  in  green  sand 
are  very  small.  The  Encrinital  remains  are  few  and  uninterest- 
ing ;  detached  joints  only  of  two  species  have  been  found* 
The  Coralloid  remains  are  neither  numerous  nor  important; 
but  a  few  small  turbinated  and  porpital  madrepores  are  found. 

The  Alcyonic  remains  in  this  formation,  are  more  numerous 
and  important  than  those  of  any  other  excepting  the  chalk; 
in  the  remaining  strata  indeed  these  fossils  are  comparatively 
few^  and  generally  afibrd  obscure  traces  only. 
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Arnon^  the  numerous  genera  of  these  fossils  which  have 
never  yet  been  accurately  studied  and  classed,  we  may  specify 
the  following :  1.  Ramose,  much  resembling  that  in  the  chalk ; 
2.  Funnel-shaped;  figured  as  the  frontispiece  to  the  2d  vol. 
of  Parkinson's  Organic  Remains ;  its  mass  appears  to  have 
been  formed  by  an  irregular  plexus  of  reticulated  fibres,  in 
which  traces  of  a  general  radiation  from  the  centre  of  the 
bottom  can  nevertheless  be  observed,  3.  The  tulip-shaped 
Alcyonia,  described  and  figured  by  Mr.  Webster  in  the  2d  vok 
of  the  Geological  Transactions ;  these  have,  in  perfect  speci- 
mens, a  ramifying  root,  and  a  stem,  not  very  long,  carrymg  a 
bulbous  head,  in  i^e  upper  part  of  which  is  a  funnel-shaped 
mouth.  This  head  is  formed  of  an  irregular  plexus  of  reticu- 
lated fibres,  traversed  longitudinally  by  rows  of  pores  arranged 
in  concentric  circles  round  the  axis  ;  each  of  these  pores  has  a 
central  fibre  running  through  it.  4.  Having  a  very  short  stem, 
or  rather  neck,  supporting  a  large  head,  divided  into  many 
lobes;  of  this  form  the  varieties  are  many  and  grotesque. 
5.  Shaped  like  a  cucumber. 

The  vegetable  remains  as  yet  found  in  this  formation  are 
confined  to  fragments  of  silicified  wood. 

(rf)  Range  and  extent.  Traces  of  this  formation  may  be 
observed  underlying  the  escarpment  of  the  chalk  in  Yorkshire 
and  Lincolnshire,  but  those  counties  have  not  been  examined 
with  sufficient  care  to  enable  us  to  enter  into  any  detail ;  and 
the  same  remark  equally  applies  to  the  midland  counties,  in 
which  also  the  alluvial  debris  at  the  foot  of  the  chalk  hills  ren- 
ders it  difficult  to  trace  this  substratum.  Following  the  escarp- 
ment of  the  chalk  westwards,  we  find  near  Childrey  and 
Wantage,  in  the  vale  of  the  White  horse  (Berkshire),  very 
decided  exhibitions  of  this  formation,  which  may  thence  be 
traced  continuously  through  Wiltshire  and  Dorsetshire  under- 
lying the  chalk  ;  in  Wiltshire  it  often  constitutes  a  secondary 
range  of  hills  standing  in  advance  of  those  of  the  chalk  for- 
mation, and  nearly  rivalling  them  in  height,  as  is  the  case  at 
Warminster  and  Stourhead ;  and  it  forms  the  base  of  the  vallies 
which  deeply  indent  the  great  chalk  escarpment,  as  at  Pewsey 
and  the  vale  of  Wardour. 

On  the  confines  of  Dorset  and  Devon,  it  presents  many  high 
and  insulated  masses,  constituting  what  are  called  outliers; 
thus,  it  forms  the  summit  of  Leusden  and  Pilsdon  hills  and  the 
extensive  table-land  of  Blackdown,  which  stretches  far  to  the 
west,  covering  great  part  of  the  eastern  division  of  Devonshire^ 
being  subdivided  by  many  vallies  into  several  long  ridges.  In 
the  course  of  its  progress  to  the  south-west,  the  green  sand 
overlies  in  succession  the  terminations  of  the  oolUes  and  the 
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lias,  and  becomes,  in  the  Western  part  of  Blackdown^  iiiinie* 
di^tely  incumbent  on  the  newer  red  sandstime. 

Still  farther  westwards,  and  beyond  Exeter,  we  haye  another 
outlying  mass  of  this  formation  capping  the  long  range  of  Hal- 
don  hill,  which  is  divided  only  by  an  intermediate  valley  from 
the  granite  of  Dartmoor ;  a  singular  instance  (in  this  island)  of 
the  near  juxtaposition  of  primitive  and  very  modem  rocks. 

In  the  south  and  centre  of  Dorsetshire,  the  green  sand  fol- 
lows the  curve  which  the  chalk  has  been  described  as  making 
through  that  district,  and  constitutes  outlying  conical  sumimits 
which  form  well  characterised  land-marks  near  Abbotsbury. 

Through  the  Isles  of  Purbeck  and  Wight  it  accompanies  the 
elevated  strata  of  the  chalk,  assuming  itself  a  confortoable 
inclination.  We  shall  have  occasion  to  return  to  this  part  of 
its  course  in  a  more  particular  manner,  at  the  close  of  this 
chapter ;  as  also  to  its  range  through  the  Weald  of  Kent  and 
Sussex,  where  it  forms  as  it  were  a  ring  of  hills  ranging  parallel 
to  those  of  the  chalk,  and  forming  an  inner  band  circling  round 
the  centre  of  the  denudation. 

Besides  its  general  range  as  above  shortly  sketched,  Profes'sor 
Buckland  has  noticed  a  singular  and  insulated  occurrence  of 
this  rock  near  the  south-west  angle  of  the  London  basin ;  Where 
the  chalk,  which  borders  that  basin  on  the  south,  crops  out  and 
exhibits  rather  unexpectedly  (from  the  low  character  of  the 
ground  between  this  and  the  general  area  of  the  London  basin) 
this  substratum  at  Kingsclere,  and  again  near  the  northern 
foot  of  Ihkpen  beacon.  It  is  seen,  however,  only  through  a 
very  small  space,  Sinking  on  all  sides  beneath  the  chalk. 

(e)  Height  of  hiUs^  S^c.  In  the  Northed  and  Midland 
counties  this  formation  occupies  tracts  comparatively,  low.  In 
Wilts,  the  hills  niear  Warminster,  and  those  of  Stourhead, 
masked  by  the  conspicuous  building  called  Alfred's  Tower, 
rise  to  about  800  feet.  In  Devon,  Blackdown  rises  817,  and 
Haldon  818  feet*  In  the  Weald  the  greatest  height  of  this 
formation  is  at  Leith  hill  in  Surrey,  993  feet. 

(f)  Thickness^  S^c.  No  natural  section  of  this  bed,  afford- 
ing a  satisfactory  opportunity  of  ascertaining  its  thickness,  is 
known.  It  certainly  however  differs  in  different  places.  Through 
Yorkshire,  Lincolnshire,  Norfolk,  and  from  Cambridge  through 
Bedfordshire,  along  whidi  comities  it  appears  on  the  west  of 
the  chalk  escarpment,  this  bed  is  but  thin. 

In  the  vale  of  Pewsey  in  Wiltshire  and  near  Warminster,  it 
occupies  a  greater  breadth  on  the  surface;  whence  it  may  be 
assumed  as  being  thicker  than  it  is  higher  north.  At  Pottern 
Parsonage  near  Devizes  the  well  is  1^  feet  deep 'chiefly  in  the 
grey  saud  (T.  115),  and  one  at  Hagwortbingham  in  Lincoln- 
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gitire,  in  the  same  «and^  is  110  feet  deep.  (G.  Notes.)  At 
Shaftesbary  in  Doi^tshire  the  wells  (G.  Notes)  are  very  deep* 
It  is  200  feet  thick  at  Blackdown  in  Deyonsfaire.  But  if  the 
breadth  of  surface  be  an  indication  of  thickness  in  a  bed,  we 
must  look  for  the  greatest  thickness  of  this  on  the  east  of  Alton 
in  Hants,  where  its  breadth  is  about  12  or  14  miles :  but  we 
have  no  account  of  sinkings  in  this  neighbourhood.  The  great- 
est thickness  of  this  stratum  is  given  iiy  Professor  Buckled  in 
his  order  of  superposition,  as  300  ie^t.  In  the  Weald  however 
it  probably  exceeds  this. 

{g)  InclinqiioTiy  Sfc.  The  dip  of  this  bed  may  be  con* 
sirred  to  be  nearly  the  same  as  that  of  the  chalk  which  it 
underlies,  usually  dipping  at  a  low  and  almost  inappreciable 
amgle  beneath  the  escarpment  of  that  formation;  but  in  those 
districts  in  which  the  strata  of  chalk  become  highly  elevated, 
these  also  assume  a  conformable  position :  to  enter  further  into 
details,  would  be  only  to  repeat  without  nece^ity  what  has 
been  already  stated  in  describiag  the  inclination  of  the  chalk. 

(h)  Agricultural  character.  This  formation  usually  affords 
a  light  loamy  soil ;  which,  in  the  vallies  formed  by  it  in  Wilts, 
has  been  found  to  possess  considerable  fertility.  The  elevated 
Downs  covered  by  it  in  Devonshire  and  in  Surrey,  are  still 
however  mostly  left  in  the  sate  of  unreclaimed  heath. 

(i)  PhoBnomena  of  springs^  Sfc.  The  waters  which  rise  in 
this  formation,  and  are  thrown  out  by  the  thin  yearns  of  clay 
which  alternate  with  it,  are  frequently  chalybeate.  The 
general  character  of  the  formation  being  porous,  it  is  often 
necessary  to  pierce  it  to  a  ccmsiderable  depth  in  order  to  reach 
the  water  thrown  out  by  the  great  retentive  substratum  of  the 
Weald  clay. 

Section  IV. 
WEALD  CLAY.* 

This  formation  has  hitherto  attracted  a  very  slight  degree  of 
attention,  and  a  very  few  words  will  be  found  to  comprise  all 
that  is  at  present  known  concerning  it. 

It  is  exhibited  on  the  largest  scale  in  the  Wealds  of  Kent, 
Surrey,  and  Sussex,  where  it  separates  the  central  nucleus  of 
ferruginous  sand  from  the  encircling  ranges  of  the  green  sand 
formation.  Mr.  Smith  has  designated  this  district  by  the  name 
of  the  Oaktree  clay^  but  as  that  name  was  originally  applied  to 

*  By  the  Rev.  W.  D.  Conybear^. 


Digitized  by 


Google 


134  Book  IL  Chap.  II.     Beds  between  the 

an  argillaceous  stratum  conjsiderably  beneath  the  iron  saiid 
(the  same  which  is  marked  hj  the  appellation  of  Ktmmeridge 
clay  in  our  arrangement),  and  which  is  consequently  of  dis- 
tinct and  anterior  formation  to  this ;  f  since  also  Mr.  Smith 
has  applied  the  term  to  the  Kiromeridge  beds  in  his  Strati- 
graphical  arrangement  of  organic  remains,  it  would  manifestly 
only  perpetuate  a  source  of  confusion  to  retain  it  iu  this  place. 

(a)  Chemical  and  external  characters.  Its  chemical  cha- 
racter and  aspect  varies  from  that  of  a  dark  tenacious  clay,  to 
that  of  a  blue  or  grey  calcareous  marie  of  an  earthy  and  friable 
texture.  It  contains  occasionally  layers  of  argillo-calcareous 
concretions  replete  with  shells  of  the  genus  Vivipara  fluviorum. 
The  interior  of  these  is  usually  filled  by  calcareous  spar ;  and 
as  the  cement  has  firmness  enough  to  admit  a  slight  polish, 
masses  of  this  description  are  occasionally  wrought  for  orna- 
mental purposes,  and  form  what  is  well  known  in  many  of  our 
gothic  buildings  by  the  name  of  Pet  worth  marble.  It  should 
be  remarked,  however,  that  the  Purbeck  marble  has  been  in 
many  instances,  miscalled  by  this  name ;  but  the  latter  is 
marked  by  the  shells  contained  in  it  being  of  smaller  size,  and 
by  a  greater  delicacy  and  elegance  of  texture  and  appearance. 
The  taper  shafts  which  cluster  round  the  columns  of  the  early 
gothic  style,  are  generally  formed  of  the  Purbeck  marble,  the 
Pet  worth  being  used  chiefly  for  the  slabs  of  altar  tombs,  and 
other  coarser  works.  It  is  little  worked  at  present,  being 
80  liable  to  break  that  it  is  difficult  to  make  it  into  any  thing 
that  is  not  bulky ;  under  the  saw  it  will  frequently  break  off 
and  fall  to  pieces.  Some  quarries  are  still  however  wrought 
near  Kirdford  and  North  Chapel  in  Surrey.  It  is  said  sdso 
that  beds  of  fullers'  earth  occasionally  occur  in  this  formation. 

(b)  Mineral  contents.  These  appear  to  be  limited  to  the 
specks  of  mica  which  occur  in  many  of  its  beds,  nodules  of 
iron  pyrites,  and  selenite. 

(c)  Organic  remains.  Its  organic  remains  have  not  as  yet 
been  enumerated  by  any  writer ;  those  given  under  the  head 
Oaktree  clay  in  Mr.  Smith's  Stratigraphical  arrangement,  being 
in  reality  those  of  the  Kimmeridge  clay.  The  most  charac- 
teristic shell  is,  however,  undoubtedly  that  which  marks  the 
Petworth  marble,  namely,  the  Vivipara  fluviorum,  which  is 
found  not  only  where  the  quarries  of  that  stone  are  now 
worked,  but  in  many  other  localities  through  the  vale  occu- 
pied by  this  formation,  in  Kent,  Surrey,  and  Sussex ;  they  are 
mingled  with  minute  bivalves,  supposed  to  belong  to  the  genus 

f  Full  proof  of  the  distinction  of  these  fornu^tions  will  be  given  in 
treating  of  the  Kimmeridge  clay. 
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Cypris  of  Lamarck,  and  figured  in  Sowerby's.Min.  Cone.  Plate 
31.  fig.  1. 

Since  the  recent  Vivipara  is  a  fiuviatile  shell,  it  is  argued 
that  this  formation,  at  least  that  part  of  it  which  contains  the 
marble  in  question,  miist  have  been  deposited  from  fresh 
water ;  but  the  identification  of  species  does  not  appear  to  be 
made  out  with  such  decided  evidence,  as  to  render  it  proper 
hastily  to  admit  this  supposition,  until  the  other  organic  re- 
mains of  the.  formation  shall  have  been  examined  and  ascer- 
tuned.  The  work  of  Mr.  Mantell  on  the  fossils  of  Sussex, 
will  doubtless  ere  long  supply  this  deficiency. 

.  (cO  Range  and  extent.  With  regard  to  the  range  and 
extent  ol  this  formation,  we  must  begin  by  observing,  that  the 
difficulty  of  discrioiinating  between  this  and  the  Folkestone 
clay  in  the  Northern  and  Midland  counties  prevents  our  speak- 
ing positively  as  to  its  course  in  those  quarters,  neither  are  we 
as  yet  in  possession  of  materials  which  will  enable  us  to  trace 
it  in  the  Western  counties. 

The  Southern  counties  can  alone,  in  the  present  state  of  our 
information,  be  cited  as  affording  undoubted  localities  of  this 
bed.  In  these,  however,  several  distant  points  in  Dorsetshire, 
the  Isle  of  Wight,  and  the  Weald  of  the  South-eastern  coun- 
ties, enable  us  to  assign  .to  it  a  considerable  extent,  and  to 
speak  of  it  with  the  lights  derived  from  comparative  obser- 
vations. In  Dorsetshire  it  may  be  traced  in  the  Isle  of  Pur- 
beck,  dividing  the  green  and  iron  sands,  but  it  thins  off  to 
nothing  in  the  western  part  of  that  peninsula.  In  the  Isle  of 
Wight  it  may  be  observed  holding  a  similar  position,  and  hav- 
ing obtained  a  greater  thickness,  it  may  be  traced  following 
the  green  sand  under  the  central  chalky  range — and  again 
underlying  the  same  formation  in  the  southern  range  of  the 
undercliff.  * 

Its  position  in  the  Weald  is  sufficiently  indicated  in  the  head 
of  this  article  :  it  there  possesses  a  thickness  many  times  greater 
than  in  either  of  the  preceding  localities. 

*  In  the  neighbourhood  of  Black-gang  chine  this  stratum  is  very  visible* 
It  was  the  cause  of  a  great  land-slip  which  took  place  in  the  year  1 799, 
and  of  another  fall  ei^ht  or  ten  years  ago ;  springs  of  water,  to  which  both 
may  be  attributed,  still  continue  to  make  their  way  through  tho  blue  marie 
on  the  east  of  Biack-gang  chine. 

Whenever  the  land  springs  act  on  this  stratum,  it  becomes  of  the  con<^ 
tistence  of  mud,  runs  out,  and  leaves  the  sandstone  without  support; 
which,  being  deprived  of  its  foundation,  of  course  tumbles  down.  (W. 
p.  134.)  To  this  circumstance  is  to  be  attributed,  in  part  at  least,  that 
immense  ruin  which  forms  the  striking  feature  of  the  Isle  of  Wight ;  and 
which  being  now  variegated  by  rocks,  and  woods,  and  cottars,  and  corn 
fields,  is  become  the  principal  attraction  of  the  visitors  to  the  island. 
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(e)  Elevation.  Tkid  fbrmatioiL  never  rises  into  hills  of  any 
height.  In  the  Weald,  where  alone  it  possesses  sufficient 
thickness  and  extent  to  gire  any  character  to  the  general  form 
of  the  surface,  that  surface  is  an  uniform  broad  yale. 

(f)  Thickness,  We  possess  no  data  for  estimating  its 
thickness,  beyond  those  which  may  be  deduced  from  the  con* 
sideration  of  its  superficial  extent.  On  this  ground  we  may 
safely  assign  to  it  in  the  Weald  of  Kent  more  than  300  feet. 
In  the  Isle  of  Wight  it  appears, not  to  exceed  100. 

(g)  Inolination.  We  have  no  particular  observations  to 
make  concerning  the  inclination  of  its  strata,  which  appears  to 
be  always  parallel  to  the  superstrata  of  green  sand  and  chalk. 

(A)  Agricultural  character*  This  formation  presents  to 
the  agriculturist  a  soil  of  pale,  cold,  and  retentive  clay,  natu- 
rally covered  with  woods,  and  requiring  a  large  capital,  com* 
bined  with  superior  skill,  attention,  and  activity,  to  conv^ |t  it 
to  any  other  purpose. 

(0  Phenomena  of  springs^  Sfc.  The  aluminous  chalybeate 
spring,  analysed  by  Dr.  Marcet,  in  the  Isle  of  Wight,  appears 
to  have  its  origin  in  this  formation. 


Section  V. 
IRON  SAND.* 

In  arriving  at  this,  the  lowest  of  the  formations  which  inter- 
vene between  the  chalk  and  oolites,  we  become  released  from 
the  difficulties  which  still  partially  obscure  the  history  of  some 
of  those  strata  of  which  we  have  lately  treated.  We  are  able 
to  trace  and  identify  the  present  series  throughout  the  island. 

This  formation  may  be  best  studied  in  the  neighbourhood  of 
Hastings.  In  different  counties  it  has  received  the  name  of 
Carstone  and  Quern  stone.  It  is  not  possible  to  assign  the 
synonyme  employed  in  the  geological  works  of  Mr.  Smith, 
since  from  an  erroneous  identification  of  the  strata  in  different 
districts,  he  has  attached  different  names,  and  attributed  difr 
ferent  geological  positions,  to  this  formation.  It  foims  the 
micaceous  brick  earth  of  the  midland  counties  in  his  descrip- 
tion ;  but  in  the  Weald,  he  ascribes  this  to  the  Folkstone  clay, 
and  confounds  this  sand  with  that  wluch  underlies  the  coral 
rag. 

(tf)  Chemical  and  external  characters.  This  formation  is 
composed  of  a  series  of  strata,  in  which  sand  and  sandstone 

♦  Chiefly  by  the  Rev.  W.  D.  Conybeajre/ 
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prevail,  oeeasiooially  alterttaUng  wilh  subordinate  beds  of  clay^ 
loam,  marie,  fullers*  eaiiii,  and  oChre* 

The  sand  and  sandstone  are!  entirely"  siliceons,  and  goierally 
contain  brown  oxide  of  iron  in  a:  considerai^  proportion ;  often 
indeed  in  sucb  quantity  as  to  have  rendered  many  of  its  bedk 
worth  the  working  as  an  ore  of  that  metal,  while  the  forests  of 
the  county  i^ere  still  in  a  state  to  afford  a  ready  supply  of  ftiel 
IHL  the  spot.  Hence  the  tracts  occupied  by  this  formation,  at 
on^e  strike  the  ey«  fi'oo^  the  browni^  red  aspect  of  their  soik 
Some  of  the  sabdstdne  beds,  however,  hi  which  the  iron  is  less 
abundant,  are  of  a  yellow,  and  even  of  a  light  buff  colour. 

The  texture  of  these  saiidstones  is  evidently  mechanical; 
they  6ften  indeed  form  coarse  grained  conglomerates,  con- 
sistuig  of  pebbles  (prulcipally  quartzose),  fr<»a  the  size  of  a 
pigeon's  egg  to  that  of  a  pin's  head,  imbedded  in  a  ferrugino^ 
siliceous  cement;  henc^  a  regular  gradatic^  may  be  traced 
into  a  very  fine-grained  sandstone.*  . 

This  formation  often  contains  (especially  in  Bedfordshire, 
Dorsetshire,  and  near  Hastings)  a  considerable  quantity  of 
fossil  wood,  and  even  regulat*  beds  of  wood  coal.  The  sands 
alternating  with  these  beds  also  much  resemble,  in  some  places, 
those  occurring  in  the  great  coal  formation  ;  this  is  particularly 
the  case  at  Lulworth  Cove  in  Dorsetshire,  where  the  strata  oi 
this  series  completely  assume  the  character  of  an  imperfect 
coal  formation.  These  circumstances  have  led  to  expensive 
but  abortive  attempts  to  procure  this  combustible  from  these 
beds  near  Bexhill  in  Sussex. 

The  following  additional  particular^  are  extracted  from  MrL 
Greenough's  notes.  Ferns,  charred  wood,  and  other  supposed 
associates  of  coal,  occur  in  the  white  and  grey  sandstones  of 
this  series,  but  rarely  in  the  ferruginous.  The  sinkings  at  Bex- 
hill  in  Sussex,  attended  with  so  great  an  expense,  were  con- 
ducted in  these  beds.  It  is  said  that  a  kind  of  cannel  coal 
Occurs  On  the  banks  of  the  stream  dividing  Heathfield  and 
]IValdron  parishes  in  the  same  county,  extending  for  a  quartei* 
of  a  mile  in  beds  from  two  to  ten  incites  thick  near  the  surface, 

*  About  Horsham  in  Sussex  this  formation  yields  flags  for  pavements : 
at  Battle  Abbey  the  j^oin  work  which  is  in  good  preservation,  is  of  free- 
«t6ne  belonging  to  this  series ;  it  forms  a  good  coping  stone ;  near  JLynn  in 
Nf^rfolk  the  iron  clinkers  are  much  esteemed  as  a  building  stone,  and  are 
tu  common  use  about  Tiinbridge  in  Kent;  being  little  subject  to  injury  by 
exposure.  At  Faringdon  in  Berkshire  they  are  made  into  mill-stones. 
The  want  of  materials  however  for  the  roads  is  severely  felt  in  the  Weald  of 
Kent  and  Sussex,  and  generally  wherever  the  ferruginous  sand  appears  on 
the  surface,  aa  the  sandstone  is  more  usually  of  a  friable  tenure,  (G. 
|totes.) 
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at  the  bottom  of  Geer's /Wood,  and  on  the  skirts  of  Filmoon 
(Morn.  Chron.  Dec.  1810.     G.  Notes.) 

Silicified  wood  occurs  in  it  at  Aspley^  Crawley,  and  other 
places  in  Bedfordshire ;  and  jet  is  said  to  have  been  worked  in 
the  parish  of  Wotton  on  the  borders  of  Surrey  and  Sussex* 
(G.  Notes.) 

Coaly  matter  occurs  in  the  parishes  of  Crawley  and  Warp* 
lesdon  in  Surrey;  and  at  Flimwell  the  sand  contains  car-^ 
bbnaceous  matter  and  a  thin  bed  of  vegetable.     (G.  Notes.) 

The  beds  of  fullers'  earth  which  occasionally  alternate  in 
this  formation,  have  been  extensively  worked  in  Bedfordshire. 
An  account  of  them  is  given  in  the  Philosophical  Transactions 
for  1723,  by  Mr.  Holloway ;  as  this  memoir  is  very  short,  pos- 
sesses considerable  mecit,  well  illustrates  the  disposition  of  the 
beds  of  this  formation  in  that  part  of  their  course,  and  is  more- 
over highly  interesting  as  a  very  early  specimen  of  accurate 
geological  observation,  it  is  reprinted  in  the  note  below.* 

*  An  account  of  the  pits  for  Fullers*  earth  in  Bedfordshire ;  in  a  letter 
from  the  Rev.  Mr.  B.  Holloway,  FX  S.  to  Dr.  Woodward,  &c.  From  the 
Transactions  of  the  Royal  Society,  vol.  xxxii.  p.  419. 

Bedford,  6th  July,  172S* 
**  1  went  £l  few  days  ago  to  the  Fullers*  earth  pits  at  Wavendon  near 
Woburn,  where  there  are  several  pits  now  open;  but,  as  the  men  were 
only  at  work  in  oiie,  and  I  understood  the  earth  was  disposed  in  much  the 
«ame  manner  in  all,  I  did  not  trouble  myself  to  go  down  into  more  than 
that  wl^erein  they  were  digging ;  in  whicn  I  found  things  disposed  thus. 

From  the  surface,  for  about  six  yards  depth,  there  are  several  layers  of 
sands,  all  reddish,  but  some  lighter  coloured  than  others,  under  which 
•there  is  a  thin  stratum  of  red  sandstone,  which  they  break  through ;  and 
then  for  the  depth  of  about  seven  or  eight  yards. more,  you  have  sand 
again,  and  after  that  come  to  fullers*  earth;  the  upper  layer  of  which, 
being  about  a  foot  deep,  they  call  cledge\  and  this  is  by  the  diggers  thrown 
by  as  useless,  by  reason  of  its  great  mixture  with  the  neighbouring  sand, 
which  covers,  and  has  insinuated  itself  among  it ;  afterwards  they  dig  up 
the  earth  for  use  to  the  depth  of  about  eight  feet  more,  the  matter  whereof 
is  distinguished  into  several  layers,  there  being  commonly  a  foot  and  a 
half  between  one  horizontal  fissure  and  another.  Of  these  layers  of  fullers* 
earth,  the  upper  half,  where  the  earth  breaks  itself,  is  tinged  red,  as  it 
seems  by  the  running  of  water  from  the  sandy  strata  above,  and  this  part 
they  call  the  crofi^  betwixt  which,  and  the  cledge  above  mentioned,  is  a 
thin  layer  of  matter  not  an  inch  in  depth,  in  taste,  colour  and  consistency 
not  unlike  to  Terra  Japonica.  The  lower  half  of  the  layers  of  fullers*  earthy 
they  call  -wall-earth ;  this  is  untinged  with  the  red  above  mentioned,  and 
sesms  to  be  the  more  pure  and  fitter  for  fulling ;  and  underneath  all  is  a 
stratum  of  white  rough  stone,  of  about  two  feet  thick,  which,  if  they  dig 
throu^^h,  as  they  very  seldom  do,  they  find  sand  again,  and  then  is  an  end 
of  their  works. 

One  thing  is  observable  in  the  site  of  this  earth,  which  is,  that  it  seems 
to  have  every  where  a  pretty  horizontal  level,  because  they  say  tliat  when 
the  sand  ridges  at  the  surface  arc  higher,  the  fullers*  earth  lies  proportion- 
ately deeper. 
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The  ochre  of  Shotover  hill  occupies  a  similar  geological 
position ;  a  list  of  the  accompanying  strata  will  be  found  in  the 
appended  note.* 

The  workings  for  iron  in  the  Weald  of  Sussex  are  described 
in  the  agricultural  survey  for  that  county,  from  which  an 
extract  will  also  be  found  below.t 

Tn  these  works  they  seldom  undermine  the  ground,  but  as  they  dig  away 
the  earth  below,  others  are  employed  to  dig  and  carry  off  the  surface ; 
otherwise,  the  matter  above,  behig  of  so  light  and  flitting  a  nature,  would 
fall  in  and  endanger  the  workmen ;  for,  as  was  observed  before,  the  stra- 
tum of  sandstone  which  occurs  before  they  come  to  the  fullers*  earth,  does 
not  lie,  as  in  coal-pits,  inunediately  over  the  matter  they  dig  for,  like  a 
ceiling,  but  even  in  the  midst  of  the  superjacent  strata  of  sand,  and  there^ 
fore  can  be  no  security  to  them  if  they  undermine  them. 

The  perpendicular  fissures  are  frequent,  and  the  earth  in  the  strata, 
besides  its  apparent  distinction  into  layers,  like  all  other  kinds  of  matter, 
by  reason  of  its  peculiar  unctuousness,  or  the  running  of  the  adjacent  sand 
imperceptibly  amone  it,  breaks  itself  into  pieces  of  all  angles  and  sizes. 

For  thp  geographical  situation  of  these  pits,  they  are  digged  in  that 
rid|^e  of  sand»hills  by  Wobyrn ;  which  near  Oxford  is  called  Shotover ;  oa 
which  lies  Newmarket  heath  by  Cambridge,  and  which  extends  itself  from 
east  to  west,  every  where,  at  about  the  distance  of  eight  or  ten  miles  from 
thj2  Chilt^rQ  hills,  which  in  Cambridgeshire  are  called  Gog-Magog;  in  Buck^ 
and  Oxon,  the  Chiltern  hills,  from  the  chalky  matter  of  which  they  chiefly 
consist ;  which  two  ridges  you  always  pass,  in  going  from  London  into  the 
north,  north-east,  or  north-west  couinties  in  the  manner  before  mentioned : 
after  which  you  come  into  that  vast  vale,  which  makes  the  greater  part  of 
the  midland  counties  of  Cambridge,  Bedford,  Bucks^  Northampton,  Oxford, 
^nd  Gloucester,  and  in  which  are  the  rivers  Cam,  Ouse,  Nen,  Avon,  Isis, 
and  others,  which  I  take  notice  of  because  it  confirms  what  you  say  of 
the  regular  disposition  of  the  earth  into  like  strata  or  layers  of  matter, 
commonly  through  vast  tracts,  and  from  whence  I  make  a  question,  whe- 
ther fullers'  earth  may  not  be  found  in  other  parts  of  the  same  ridge  of 
sand  hills,  among  other  like  matter.** 

We  must  observe  however  that  the  author  has  fallen  into  an  error  in 
supposing  Newmarket  heath,  which  in  truth  is  occupied  by  the  chalk  forn 
mation,  to  be  the  continuation  of  this  chain' of  hills. 

1^  Sections  of  the  Ochre  pits,  Shotover  hill. 

•     feet    inches 
Beds  of  highly  ferruginous  grit,  forming  the  summit 

of  the  hill...  6 

Gr^  sand • ,...^....«  ..,....,.  Si. 

Ferruginous  concretions  ...« I 

Yellow  sand ,  6 

Cream-coloured  loam 4 

Ochre 0        6 

Beneath  this  is  a  second  bed  of  ochM  separated  by  a  thin  bed  of  clay; 
then  succeeds  an  interval  of  nearly  40  feet  occupied  by  various  alternations 
of  ferruginous  and  sometimes  cnerty  and  argillaceous  loams  of  a  deep 
cream  colour ;  benJeath  these  is  the  formation  of  Aylesbury  limestone. 

+  The  soil  of  Penhurst  is  gravelly  to  an  intermediate  depth :  at  the  bot^ 
torn  of  the  Earl  of  Ashbumham's  park^  sandstone  is  found,  solid  enough^ 
for  tbe  purposes  of  masonry.    Advancing  up  the  hill,  the  sand  roqk  is  ^l 
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(by  Mineral  contents*.  The  occurrence  df  beds .  of  iron- 
Hone  and  ochre  in  tut  formation,  has  been  already  menliomed. 
Specimens  of  hsmatitic  and  stalactitic  iron  may  be  found 
funoog  the  former.  Nodular  concretions,  haying  an  outer  shell 
of  iron  ore  containing  a  nucleus  of  loose  simd,  and  othetv  in 
which  bands  of  a  darker  and;  lighter  shadi^,  are  so  disposed  as 
to  resemble  the  aspect  of  the  Egyptian  pebble,  are  common. 
Chert  and  quarts  crystals  tfre  found  in  sotne  of  the  beds,  but 
never  in  any  considerable  quantity;  nor  do  they  ever  rival 
those  of  the  green  sand  in  beauty. 

(c)  Organic  remain?,  Tha  orgs^c?  remains  of, this  fonna- 
ti(m  have  yet  received  veiy  little  illustration*  .  They  araear  to 
be  very  sparingly  dispersed  through  it,  generally,  aUhough 
abundant  in  sopae  particular  spots.  Of  these,  Faringdon  in 
Berkshire  is  the  most  productive ;  we  have  collected  from  the 
pits  near  that  town,  a  large  nautilus,  firagm^nts  of  ammonites, 
belemnites,  ostreae,  terebratulae,  and  spines  of  an  echinus  cidaris ; 
but  the  most  abundant  and  interesting  fossils  of  this  spot  are 
the'^pongitse,  of  which  many  varieties,  tubular,  funnel-shaped, 
and  palmated,  occur:  very  beautiful  minute  corallines  also 
occur,  and  a  Very  singular  ramose  tubular  foSsil  divided  like 
a  chambered  shell  by  transverse  septa.      . 

Insulated  casts  in  the  septa  of  the  ammonite  are  common 

feet  In  thickness,  but  so  friable  as  easily  to  be  reduced  to  powdei'.  On  this 
immediately  a  inarle  sets  on,  in  the  different  depths  of  which  the  ironstone 
comes  on  regularly  in  all  the  various  sorts  as  follows : 

1 .  &naU  bsdls.— Prcyvincialfy  ifwtffvff  foots »  because  lo  many  feet  dis- 
.    tant  from  the  first  to  the  last  bed* 

2.  Gray  limestone.    Used  as  a  flux. 

3.  Foxes. 
4»  Riggit. 

5.  Bulls. 

6.  Caballa  balls. 

7.  Whitebum.  —  What  tripoli,  properly  calcined  and  treated^  is 
'  made  of. 

8.  Clouu. 

9.  Pity,  _  

This  is  the  order  in  which  the  different  ores  are  found. 

Advancing  on,  there  is  a  valley  where  the.  mineral  'hed  seems  entirely 
broken,  and  the  sandstone  sets  on.  At  the -distance  of  soknething' above  a 
mile,  the  ironstone  is  a£[ain  jeeor-another  intervention,  of  .sandy  and  then 
at  Urw  water  when  the  tide  goes  ont,  the  beds  of  ironstone  appear  regu- 
larly on  the  shore ;  an  indisputable  proof  that,  hoWeTer  the  appearance  of 
the  surface  may  vary,  the  substrata  continue  the  jame. 

In  taking  the  range  northwardly,  from  the  bottom  of  Ashburnham  Park 
for  1^  miles  at  least,  the  strata  are  nearly  the  same9  there  being  no  material 
inequality  of  surface  that  does  not  partake  of  sandstone,  mar&)  ironstODe, 
and  sand  again  at  the  top. 
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tBrdlighotit  tiius stratmn  in  Okfordsbire,  sad  atelllmform'shell 
occurs  in  the  ironstcme  of  Shot&ver  in  Oxfbtdshiir&. 

The  fossils  given  by  Smith  in  his  stratigraphicaLanafig^ment 
vnder  the*  head  Brick  Earth,  are  partly  from  this  fonn&tion, 
partiy  from  the  Foltetone  marie;  those  #hicSi  'lore  th« 
locality,  Steppingley  park,  Bedfordshire,  -are  frdm'^e  iron* 
land.  . 

At  Shanklin  Chhie  in  the  Me  ofWight,  aremednks  of  fer- 
n^inoius  inarle  in  this  formation,  containing  obscure  easts  of 
turbinated  univalfre  and  bivalTe  ishells*  The  hiw^st  beib  ^^so 
nearSandown  fort  in  that  island,  coi^sdn  ▼a'miis'shelis. 

The  ^occurrence  of  ^  vegetable  remainff  in'  fliis  fohnatlon  has 
been  already  noticed  in  connexion  irith  the  coal  beds  oGca« 
tionaiiy  tratersing  it :  fragments  of  siliciied  wood  are  some'* 
times  fonnd* 

(d)  Range  and  extent  The  titict  extending  along^the  ffoot 
of  the  chalk  hill«  in  Yorkshiire,  has  hot  as  yet  irecdred  suf- 
ficient examinatbn  to  enable  us  at  jirelsent  to'  dffer  ^any  ^r* 
ticulars  concerning  the  course  of  this  ibrmi^on  in  thatfquarter, 
and  the  marshes  and  alluvium  on  the  wiest  bf  that  escarpment, 
in  Lincohishire  and  Norfolk,  generally  xonceal  it.  In  the 
west  of  Camfbridgeshire,  however,  we  l&nd  it  nvell  'e:ithibited, 
and  having  here  once  gained  a  fulF  viiew  of  it,^  we'may:tfaGe  it 
hence  continuously  through  the  remainder  of  the  inland.  Here 
it  forms  a  band  nearly  four  miles  broad,  ii^wefeit^Fegai^  Stan« 
ton  near  St.  Ives  and  Huntingdon,  rising  mto  low  hills  r  this 
band,  still  holding  the  same  breadth,  preserves  a  direction 
ne^iy  south-west  thibugh  BedCordi^hire,  crossing  that  county 
from  Potton  to  Wobum,  and  Altering  Buckinghansshtre  at 
^wbrick  hills,  n^ar  Femiy  Stratford.  Throughout  ^s  ^art 
of  Its  course,  it  constitutes  the  principal  mass  of  aweli'de&i«d 
range  of  hiUs,  based  on  the  Oxford  clay.  This  cbftin  of  hiUf 
is  contbuted  throi]^h  Buckinghamshire  in  the -same -direction, 
trovii  Brick  hill  on  the  east  to  Brill  hill  on  the  western  border ; 
bittt' the  range  is  here  traversed  and  br6ken  through  by  nu- 
merous broad  valiles,  and  thus  separated  into  insulated :gnnips; 
Throughout  all  that  part  of  Buckinghiim^hire  whitch  Iter  west 
of  the  Grand  Otettion  Canal,  th^  Ayltelbury  or  Portland  lime- 
itcme,  which  here  mstkes  its  first  appearance  uddetlyi&g  'th« 
iron  simd,  iotms  the  lower  and  central  r^dns  •'  of  t  those  ^hills, 
and'tlK  iron  sand  is  confined  to  their  siimmits.  Inthe'vajtey 
to  the  south,  separating  these  hills  from  the  chalk  range,  the 
piSneipal  inass  of  thir  formation- inust  iioid'  its  *  course ;  'but  the 
whole:  of -.this  tract  is  so  much  t^oneealed  by  ^dctois  of  fiint 
travel^  derived  from  the  liatter,  that  little  can^be^een. 
•  'Iff  the  adjokmig  county  of  Oxfbrd^  the  iron:  nnd^and  its 
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subordinate  beds  of  ochre  cover  the  Aylesbury  limestone  beds 
on  the  summit  of  Shotover  hill,  which  forms  a  corresponding 
eleTated  group  to  that  of  Brill,  over  against  which  it  istands ; 
and  it  may  be  traced  hence  throughout  the  southern  vale,  as 
the  dark  red  soil,  prevalent  <m  the  road  to  Tetsworth,  at  cmce 
indicates  to  the  eye. 

On  the  opposite  side  of  the  Thames,  the  system  of  hills  of 
which  Shotover  forms  a  part,  is  continued  through  the  north 
of  Berkshire  by  the  range  of  which  Cumnor  hurst  forms  the 
highest  point,  on  the  east,  and  Faringdon  clump  on  the  west. 
Both  these  summits  are  capped  by  the  iron  sand,  but  it  has 
been  denuded  off  from  a  great  part  of  the  intervening  ridge, 
and  occurs  in  these  points  only  in  the  form  of  insulated  and 
outlying  groups*  The  main  course  of  the  forn^ation  lies  through 
the  southern  valley,  but  is  mostly  concealed  by  alhivia  from 
the  overhanging  ranges  of  chalky  downs. 

In  Wiltshire,  we  are  informed  by  Mr.  Townshend,  that  this 
«and  occurs  at  the  foot  of  Beacon  hill  in  the  road  from  Pewsey 
,to  Chippenhani,  and  may  thence  be  traced  rising  up  all  the 
way  to  Lockswell  heath  and  Dring  hill.  That  it  also  emerges 
from  beneath  the  clay  at  Foxhanger,  west  of  Devizes,  and 
thence  rises  up  to  Seend.  It  is  here  described  as  being  a 
pudding-stone,  composed  of  rounded  quartz,  whose  cement  is 
siliceous  with  a  red  calx  of  iron,  containing  ore  formerly  in 
much  request  for  the  furnace  and  the  forge,  and  forming  the 
material  whence  the  ancient  Britons  wrought  their  Quern 
«tones. 

It  seems  probable  that  in  proceeding  farther  west,  this  for- 
mation thins  out  and  expires,  since  we  do  not  meet  with  any 
traces  of  it  in  the  west  of  Dorsetshire ;  but  in  the  south-east  of 
that  county  it  is  very  strikingly  displayed  throughout  the  Isle 
of  Furbeck,  where  it  consists  of  many  beds  of  quartzose  con- 
glomerate, and  of  coarse  and  fine-grained  sandstones  containing 
seam&  of  wood  coal.  It  here  forms  a  narrow  stripe  (the  high 
inclination  of  its  strata  reducing  the  space  they  occupy  in  their 
superficial  appearance)  running  parallel  to  the  chalky  downs^ 
and  along  their  southern  foot. 

►  In  the  Isle  of  Wight  it  forms  the  substratum  of  all  the 
southern  half  of  the  island ;  cliffs  of  it  may  be  traced  from 
3andown  bay  on  the  east  to  Freshwater  bay  on  the  west,  ex*, 
cepting  where  concealed  by  the  subsided  ruins  of  the  under- 
cliff. 

<  In  the  south-eastern  counties,  this  formation  constitutes  the 
central  chain  of  hills  which  traverses  the  Weald  of  Sussex  from 
Hastings  to  Horsham,  and  sends  off  several  branches,  one  of 
which  extends  to  T\inbridge  WelU.    It  i^  separated  on  the 
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nortB  from  the  Ragston  hiUs  by  a  broad  valley  of  deep  clay 
through  which  flow  the  two  streams  which  unite  to  form  the 
Medway. ,  On  the  south,  a  similar,  broad  valley  of  clay  sepa- 
rates the  range  from  the  Sussex  chalk  downs.     (G.  Notes.) 

(«)  Elevation^  Sfc,  In  the  Midland  counties,  as  has  beeR 
already  observed,  this  formation  constitutes  the  mass  of  a  chain 
of  hills  extending  through  Bedfordshire,  and  forms  the  sum- 
mits of  the  continuation  of  the  same  chain  which  ranges  through 
Bucks,  Oxon,  Berks,  and  Wilts.  This  chain  however  is  much 
broken.  Its  highest  point  appears  to  be  at  Brill  hill  on  the 
borders  of  Buckinghamshire  and  Oxfordshire.  The  greatest 
height  of  the  hills  of  this  formation,  which  constitute  the  cen- 
tral nucleus  of  the  Weald  in  the  south-eastern  counties,  is  at 
Crowborough  Beacon. 

(f)  Thickness,  The  greatest  thickness  of  this  formation 
appears  to  be  in  the  Weald  country,  where  it  cannot  be  esti- 
mated at  less  than  500  feet ;  but  we  have  no  precise  data  to^ 
assist  us  in  estimating  it  either  here  or  elsewhere. 

is)  Inclination,  The  position  of  the  strata  of  this  forma- 
tion is  generally  conformable  to  that  of  those  which  we  have 
previously  described,  always  keeping  a  parallelism  to  the  great 
chalk  ranges,  and  dipping  in  the  same  direction,  and  under  a 
similar  angle.  This  must  however  be  understood  with  the  fol- 
lowing limitation; — that  towards  the  south-west  this  stratum 
thins  ofif  and  terminates  much  sooner  than  those  which  succeed 
it,  not  extending  beyond  the  eastern  division  of  Dorsetshire ; 
whereas  the  green  sand  stretches  into  the  very  heart  of  Devon. 
This  line  agrees  very  nearly  with  that  of  the  subjacent  oolites^ 

(h)  Agricultural  character.  The  soil  produced  by  the 
decay  of  the  beds  of  this  formation  is  esteemed  for  early  crops, 
and  is  in  some  places  exceedingly  fertile  ;  but  a  vast  proportion 
of  its  surface  is  covered  by  heath,  as  is  the  case  at  Disingham 
Heath  in  Norfolk^  which  is  high  and  spacious.  In  Cambridge- 
shire it  forms  excellent  garden  ground :  in  Bedfordshire  it  i^ 
considered  excellent  for  the  growth  of  potatoes,  and  there  are 
extensive  plantations  upon  it  near  Woburn;  and  soiofie  hop- 
grounds  in  Kent.  It  is  very  favorable  to  the  growth  of  wood. 
The  Weald  of  Kent  and  Sussex,  consisting  of  at,  is  so  named 
from  the  forest  which  formerly  covered  it.  This  sand,  until 
the  art  of  manufacturing  iron  by  coal  was  discovered,,  was.  in 
great  request  for  the  furnace  and  the  forge.     (G.  Notes.) 

(i)  Phoenomena  of  springs^  Sfc.  This  formation  resembles 
in' this  respect  all  other  aggregations  of  loose  and  porous  strata, 
divided  by  a  few  others  of  more  tenacious  quality  :  the  wells 
are  generally  deep  :  the  waters  are,  very  frequently,  from  the 
abundance  of  iron,  hi  the  rocks  they  traverse,  chalybeate ;  of 
which  Tunbridge  wells  is  a  known  instance. 
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Piartic$^r  ^^comi  gf  th(^,  4i^iributim  of  the  formations 
ti^tm^fiH.  thsi  ChMlk  wi  Qol^es^  in  the  sao^r^  districts 
occupkibythemj'^ 

The  reasons  whipl^  appeared  to  render  it  desirable  to  subjoin 
to  the  more  (general  view  of  these  fonnadons  alieady  given,  a 
nore  precis^  ac;count  of  their  local  phoenomena,  have  been 
already  stat^  in  the  introduction  to  this  chapter.  We  shall 
conimence  this  article  with  a  description  of  the  structure  of  the 
Weald  of  Kent,  Sussex,  and  Surrey;  since  it  is  in  this  traci 
that  the  formations  in  question  acquire  their  gr^test  thicluiesf 
and  importance* 

A.     The  Weald. 

Thi^  district  may  be  g^enerally  described  as  stretching  along 
the  coast  of  the  channel  from  Folkstone  to  Beachy  Head,  and 
thence  extending  westwards  into  the  interior  as  far  as  the  con- 
fines of  Sussej^  and  Hampshire. 

A  lofty  ran^e  of  chalk  hills,  already  described  in  treating  of 
that  formation,  forms  the  general  boundary  of  this  district, 
excepting  wh^re  it  is  open  to  the  sea ;  and  as  the  formations 
withm  the  ^r^  make  their  appearance  by  emerging  from  be- 
neath the  surrounding  chalk,  it  has  been  frequently  described 
as  a  great  d^udation.  It  would,  however,  be  highly  rash  to 
assume  tjiat  the  chalk  at  any  period  actually  covered  the  whole 
8pac0  In  which  the  inferior  strata  are  now  exposed,  although 
the  truncated  form  pf  its  escarpment  evidently  shews  it  to  have 
once  extended  much  farther  than  at  present. 

To  the  encircling  hills  of  chalk  a  valley  of  variable  breadth, 
occupied  by  |he  Ch^lk  marie  ^d  its  subjacent  clay,  succeeds. 
This  valley^  through  a  great  jpart  of  Kent  and  Surrey,  was 
anciently  Jtnpwn  by  the  name  of  the  Vale  of  Holmesdale ;  a 
name  Cj^lebrated  by  the  traditionary  lines  which  recorded  the 
sucqes$ful  stand  said  to  have  been  made  in  defence  of  the 
ancient  laws  and  liberties  of  the  country  against  the  Norman 
invs^der. 

<  The  ;\¥inding  vale  of  Holmesdale 
Wat  never  won  nor  ever  shall/ 

The  iqner  border  of  this  valley  is  formed  by  a  second  range 
of  hills  running  round  in  a  line  nearly  parallel  with  those  of 
the  chalk)  which  they  rival  apd  even  surpass  in  height :  these 
are  composed  of  the  green  sand  formation.  At  the  ^t  of  this 
second  amphitheatre  of  hills,  is  a  second  valley  much  broader 

•  By  Ihe  Rev.  W.  D.  Conybeirc. 
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tknn  tb«  farmer,  and  occupied  hj  Hm  argillac^iMis  beds  which 
we  have  called  the  Weald  clay. 

A  ceotral  and  third  range  of  hills,  still  nearly  of  the  same 
height,  forms  the  nucleus  of  the  whole  district.  It  ift  com- 
|ii0fed  of  the  thick  strata  of  the  iron  sand  formation ;  but  in 
some  places  near  the  yaliey  of  the  Rather,  which  traverses  the 
e^tre  of  this  rapge,  a  series  of  argillo-calcareous  beds  has 
been  dug  into  for  the  sake  of  the  limestones  they  afford  :  these 
form  the  baqe  on  which  the  iron  sand  reposes,  and  must  be 
ccmsidered  as  introductory  to,  if  not  identical  with,  the  upper 
part  of  the  Purbeck  limestone  series. 


A  very  interesting  geological  phcenomenon  is  presented  by 
tl^  course  of  the  rivers  watering  this  district,  and  the  arrange- 
ment of  the  vallies  which  convey  them.  We  have  already  no* 
ticed  that  the  two  grand  vallies  of  this  district — that  of  Holmes- 
dale,  and  that  of  the  Weald  clay — are  parallel  to  the  direc- 
tion of  the  strata ;  but  these  do  not  form  the  channels  through 
which  any  of  the  more  important  streams  seek  the  sea,  for 
these  generally  have  their  source  in  the  central  ridge  of  iron 
sand ;  and  flowing  thence  both  to  the  north  and  to  the  south^ 
m  directions  nearly  at  right  angles  both  to  these  vallies  and 
the  strata,  traverse  the  ranges  of  green  sand  and  chalk,  through 
gorges  opened  across  them,  in  their  way  to  join  the  Thames  on 
one  side  and  the  Channel  on  the  other;  instead  of  being  turned 
by  their  escarpments  into  the  great  subjacent  vallies,  as  they 
would  be  if  the  fractures  in  those  escarpments  were  repaired^ 
and  forced  to  empty  themselves  into  Ronmey  marsh  and 
Pevensey  level.  In  no  place  perhaps  is  the  important  fact  of 
a  double  system  of  vallies  crossing  each  other  transversely— (a 
fact  which  we  shall  hereafter  see  to  be  of  the  greatest  con- 
sequence with  reference  to  theories  on  the  origin  of  the  pre- 
s&it  inequalities  of  the  earth's  surface)  more  strikingly  dis- 
played. In  treating  of  the  chalk  ranges,  we  have  already 
noticed  the  rivers  which  thus  break  through  their  line. 

In  order  to  trace  the  several  formations  we  have  above 
generally  indicated,  with  the  greater  certainty  in  their  course 
through  the  interior,  we  shall  derive  the  clearest  elucidation 
of  the  structure  of  the  ranges  composed  by  them,  in  beginning 
with  the  sections  presented  along  the  line  of  the  coast.  With- 
out indeed  attending  to  those,  we  should  be  in  some  danger^ 
from  the  resemblance  of  some  of  the  beds,  to  confound  the 
great  formations  of  the  green  sand  and  iron  sand,  or  to  mis- 
take the  hard  and  sandy  varieties  of  the  chalk  marie  for  mem- 
bers of  the  green  sand  3  but  if  we  first  attend  to  the  structure 
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of  the  great  ranges  of  hills,  and  the  clayey  vallies  which  8epa«» 
rate  them,  as  developed  on  the  coast,  and  thence  trace  them 
continuously  through  the  interior,  it  will  be  found  impossible 
to  arriTe  but  at  one  conclusion. 

The  termination  of  the  chalk  range,  which  forms  the  northern 
boundary  of  the  Weald,  against  the  coast  on  the  north-east  of 
Folkestone,  has  been  already  described  at  page  104 ;  where, 
an  account  is  given  of  the  grey  chalk,  or  cretaceous  form  of 
the  chalk-marle  which  underlies  them.  This  reposes  on  the 
argillaceous  form  of  the  chalk  marie,  which  constitutes  the 
mass  of  a  crumbling  bank  of  no  great  elevation,  stretching  along 
the  beach  for  nearly  a  mile  from  the  foot  of  the  chalk  cliffs 
towards  the  village  of  Folkestone,  where  it  is  succeeded  by 
the  green  sand.  It  is  replete  with  various  organic  remains,  of 
which  a  list  has  been  already  given  in  treating  of  the  chalk 
marie.  It  will  be  found  important  in  our  subsequent  remarks 
to  trace  this  argillaceous  marie  through  the  interior.  The 
green  sand,  emerging  from  beneath  this  marie,  rises  near 
Folkestone  into  cliffs  which  continue,  with  an  height  of  from 
100  to  1 50  feet,  to  line  the  coast  as  far  as  Hy the ;  where  the 
alluvial  flat  of  Romney  marsh,  evidently  gradually  gained  from 
the  sea,  at  present  keeps  it  off  from  the  foot  of  the  hills. 

The  green  sand,  as  exhibited  in  this  section,  is  a  coarsely- 
granular  aggregation  of  rounded  fragments  of  quartz,  cemented 
by  calcareous  matter,  and  interspersed  with  very  numerous 
particles,  and  sometimes  large  kernels,  of  the  green  earth 
which  characterises  the  formation.  r 

Where  the  intervention  of  Romney  marsh  protects  the  con- 
tinuation of  the  hills  belonging  to  this  formation  from  the 
wasting  action  of  the  waves,  a  sloping  talus  extends  from  their 
base  to  about  two-thirds  of  their  height ;  and  here  a  long  low 
line  of  precipice,  nearly  resembling  both  in  structure  and  situ- 
ation that  of  the  undercliff  in  the  Isle  of  Wight,  hangs  over  it. 
This  precipice  continues  about  three  miles  through  the  parishes 
of  Lympne  and  Aldington ;  *  it  presents  finer  varieties  of  the 
sandstone  alternating  with  beds  of  limestone,  which  appear 
generally  through  Kent  to  mark  the  lower  part  of  this  for- 
mation. The  organic  remains  occurring  in  this  range  are 
Nautilus,  Ammonites,  Trochi  and  other  turbinated  univalves, 
OstreaB,  Finnao,  Terebratulae  both  plain  and  plicated,  Cardia^ 
Pectines^  Pectunculi,  Arcae,  Echinitae  spatangi,  and  £.  conuli. 


*  In  Mr.  Greenou^h't  Geological  map  this  line  of  cliff  is  represented* 
but  owine  to  an  accident,  probably  in  the  colouring,  as  included  in  the  clay 
district  of  the  Weald,  instead  of  that  of  the  green  sand. 
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Near  Orlestone^  the  range  of  the  green  sand  hills  trends 
inwards,  and  is  succeeded  by  lower  eminences  composed  of  the 
Weald  clay,  which  skirts  the  central  part  of  the  marsh,  and 
forms  a  broad  tract  of  flatter  country. 


Towards  the  south-west  extremity  of  the  marsh,  the  strata 
of  iron  sand,  forming  the  central  chain  of  hills,  emerge  from 
beneath  the  Weald  clay  near  Oxney  Isle  and  Rye,  At  Cliff 
E^dnear  Winchelsea,  the  barrier  of  marsh  land  terminates; 
and  the  sea,  attacking  the  foot  of  this  central  chain,  exposes  a 
bold  section  of  it  in  a  line  of  clifl^s  extending  thence  past  Has- 
tings, and  terminating  at  the  distance  of  about  seven  miles^ 
near  Bexhill. 

The  strata  of  this  formation,  near  Rye,  are  coarse-grained 
and  highly  ferruginous ;  near  Hastings  they  are  less  ferrugi- 
nous, finer,  very  loose  and  friable,  frequently  crumbling  down 
from  the  summit  of  the  cliffs  in  a  shower  of  loose  sand,  which 
accumulates  in  a  talus  at  their  base.  Traces  of  vegetable  im- 
pressions may  be  fre)q[uently  here  observed. 

Taking  Winchelsea  as  a  centre,  the  succession  of  the  for- 
mations on  either  side,  intervening  between  this  point  and  the 
chalk  hills,  will  be  found  to  correspond.  Hence,  in  proceed- 
ing south-westwards  we  have  again  to  traverse  in  an  ascending 
order  the  formations  we  have  already  crossed  in  descent.  The 
alluvial  flat  of  Pevensey  marsh,  however,  here  interposed,  as 
was  Romney  marsh  on  the  other  side,  has  prevented  any  sec- 
tions from  being  formed  on  the  coast ;  but  the  Weald  clay  may 
be  seen  forming  a  broad  flat  tract  from  Bexhill  beyond  Peven^ 
sey ;  and  the  green  sand  and  chalk  marie,  though  here  occupy- 
ing a  less  breadth  than  on  the  northern  ^de,  and  not  forming 
a  distinct  range  of  hills,  may  be  observed  underlying  the  chalk 
near  the  foot  of  the  lofty  cliffs  of  Beachy  he^d. 


Having  thus  followed  the  order  of  these  formations  as  ex. 
hibited  on  the  coast,  we  have  next  to  trace  their  course  through 
the  interior  of  the  Weald ;  and  here  we  shall  depart  from  our 
usual  arrangement,  and  copimencing  with  the  central  chain 
which  forms  the  nucleus  of  the  whole  series,  trace  the  sucn 
ceeding  formations  intervening  on  either  side  between  this  and 
the  great  boundairy  of  the  chalk  hills  in  an  ascending,  instead 
of  a  descending  order ;  since,  in  this  instance,  this  change  of 
method  will  be  found  attended  with  many  advantages. 
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The  area  occupied  bj  the  x^ntral  range  of  iron  uti^d  may  be 
generally  represented  by  a  long  narrow  triangle  of  which  the 
northern  end  of  the  base  is  in  Oxney  Isle,  the  ^ontbem  at 
BexhiU,  and  the  apex  four  or  five  miles  west  olHorahant. 
The  whole  tract  is  elevated,  and  forms  the  ranges  of  Ashdown 
and  St.  Leonard's  forests ;  Crowborough  Beacon,  804  feet  above 
the  sea,  is  the  highest  point. 

Near  Battle,  the 'sid>strata  en  whtcK  this  great  arenacebus 
formation  reposes,  have  been  pierced  in  the  lime-works  on*  the 
east  of  Ashbumham,  and  been  iband  to  comsist  of  ft  s€fies  «f 
fifteen  thin  beds  of  limestime^  altematiBg  Wkh  skaki;  the 
seven  upper  beds  are  of  a  grey  colour,  and  are  said  to  be 
nearly  composed  of  an  aggregate  <^  shells;  the  «fgiit  l6wer 
beds  are  described  as  of  a  blue  colour,  and  as  being  a  perfectly 
indurated  calcareous  marie.  This  argillo-calcareous  *^»rmation 
will  probably  be  found,  on  an  attentive  examination  of  all  its 
beds,  especially  the  lowest,  to  coincide  with  that  of  Purbeck, 
hereafter  to  be  described ;  the  upper  beds  are,  however,  said  ho 
present  different  fossils.  Until  it  shall  have  been  more  sdenw 
jtificaHy  observed,  however,  it  is  impossible  to  speak  with 
absolute  certainty ;  and  therefore  the  present  general  descrip,^ 
tion  of  the  Weald  appears  to  afford  Uie  most  proper  place  for 
noticing  them.  An  account  of  the  section  presented  by  tliese 
works,  extracted  from  the  Agricultural  Survey,  will  be  found 
in  the  note  below.* 

♦  GREYS. 

feet  inches 

The  First  Limestone .3  3  ....  8  feet  Shale 

Second 0  9  ••••  9    ditto 

Third 4  O  ....39 

Fourth  ...• 1  1  ....  3 

Fifth 0  8  ....  3 

Sixth 0  8  ....  2 

Seventh 8  3  ....  4 

BLUES. 
The  great  blues  by  far  the  best. 
Thuiiuss: 
ttet    inch.  feet    inch. 

Eiehth 2        0    ....  1        6 

Ninth 0        6     ....  O        4 

Tenth 0        9     ....  1         3 

Eleventh 1        2     ....  0        4 

Twelfth 0        8     ....  1         1 

Thirteenth I         1     ....  I        6 

Fourteenth 0        6     ....  8        0 

Fifteenth 2        3 

The  last  stone  is  fine  enough  to  set  a  razor. 
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Th%$e  itfetior  lii^illd«calctireoiis  starata  tare  covered  by  that 
great  serie*  'of  beds  ^f  femigiiious  sand  which  coilstitate  the 
mass  of  this  central  group  of  hills.  In  the  general  description 
4>f  J  the  focnatioa  before  given,  an  account  of  the  beds  of  iron 
«re  worked  in  ithis  part  of  the  Weald  will  be  found*  » 

The  great  zone  formed  by  the  Weald  clay,  constituting  a 
flat  tract  about  five  miles  in  average  breadth,  circles  round  this 
^s^Qitral  gioiip,  raoging  on  the  north  from  the  Isle  of  Oxoej  by 
Tuf^ridge  towards  Haslemere,  and  thence  returning  south* 
jeast  to  Fevensey.  It  is  generally  characterised  by  its  cal- 
careous coDcretioi»  c<mtainiag  the  Vivipara,  and  forming  what 
is  called  the  Petworth  marble.  On  this  subject  we  have 
nothing  to  add  to  the  statements  given  in  the  general  account 
of  these  formations.  It  is  of  great  importance,  in  order  to  correct 
all  misapprehensions  which  have  arisen  concemiog  the  stmctnre 
of  this  district,  to  trace  correctly  die  line  of  tbe  next  forma** 
^ion — ^that  of  the  green  sand ;  and  this  fortunately  may  be  dcme 
without  the  possibility  of  error,  by  following  its  course  con^ 
tinuously  from  its  section  on  the  jcoast  between  Folkestone  and 
Lympne ;  for  its  upper  limit  being  marked  by  the  course  of 
the  aigillaceous  chalk  marie  of  Folkestone  tbrough  the  vale  of 
Holmesdale,  and  its  lower  limit  by  the  great  clay  valley  of  the 
Weald,  it  is  effectually  cut  off  from  the  formations  on  either 
side,  with  which  it  may  form  occasional  similarity  of  character, 
and  has  indeed  been  confounded  by  very  able  observers,  who 
have  examined  it  only  partially  and  without  a  due  attention  to 
this  circumstance* 

From  the  sectional  cliffs  before  described  between  Folke^ 
stone  and  Lympne,  this  formation  may  be  uninterruptedly 
traced  to  the  borders  of  Surrey,  constituting  a  'well  marked 
ridge  of  hills  from  600  to  800  feet  in  height,  and  about  two 
miles  broad,  ranging  immediately  on  the  south  of  Maidstone^ 
Sevenoaks,  and  Westerham,  although  occasionally  broken 
through  by  transverse  vallies,  particularly  tiiat  of  the  Medway. 
Although,  bowever,  the  mass  of  this  formati<m  may  b^  thus 
uninterruptediy  traced,  it  undergoes  some  change  m  the  com«- 
position  and  external  characters  of  its  constituent  beds  as  it 
advances  westwards.  East  of  the  Medway  these  present,  as  on 
the  coast,  sandstones  of  a  loose  texture,  full  of  large  green  par^ 
ticies,  alternating  towards  the  lower  part  of  the  series  with 
beds  of  Imaestone ;  but  in  proceeding  towards  Sevenoaks  and 
Westerham,  the  green  particle^  decrease  in  quantity ;  the  pre- 
vailing aspect  id  the  sandstone  becomes  more  ferruginous,  and 
its  grain  iner  j  cherty  beds  also  appear  more  commonly  dis- 
persed thnmgh  tbe  mass. 
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On  the  north  of  this  range  lies  the  vale  of  Holmesdale, 
throughout  the  bottom  of  n?bich  the  argillaceous  marie  of 
Folkestone  may  be  traced,  without  interruption,  from  the  sea 
coast  into  Surrey.  Above  this,  on  the  opposite  side,  rises  the 
escarpment  of  the  chalk  hills,  the  bottom  of  which  is  formed 
by  the  grey  chalk  or  cretaceous  chalk  marie,  often  containing 
beds  of  fire-stone,  occasionally  ^marked  by  spots  of  green  earth. 

Having  thus  traced  these  formations  uninterruptedly  from 
the  coast  into  Surrey,  it  will  be  our  next  object  to  describe 
their  appearance  on  the  east  of  that  county,  near  Merstham  and 
Reigate ;  and  this  we  shall  do  somewhat  more  minutely,  since 
on  the  ground  above  stated — namely  the  continuous  course  of 
each  formation  from  the  coast — we  feel  ourselves  compelled  to 
dissent  from  the  opinions  advanced  by  a  writer  concerning 
whose  eminent  services  to  English  geology  one  estimate  only 
can  be  formed ;  and  who,  from  the  inspection  of  this  single 
spot,  has  pronounced  the  fire-stone  beds,  which  we  assign  to 
the  chalk  marie  formation,  to  belong  to  that  of  green  sand, 
and  the  range  which  we  consider  as  the  true  green  sand,  to  be 
iron  sand.  A  particular  account  of  the  observations  made  by 
Mr.  Phillips  on  this  district  in  Feb.  1821,  is  therefore  sub* 
joined. 

Section  from  Merstham  Chalkpits  to  Nutjield. 

The  Merstham  pits  are  situated  in  the  chalk  marie,  the 
colour  of  which  here  is  very  different  to  that  of  the  grey  chalk 
or  chalk  marie  of  Folkestone,  which  is  much  darker,  owing 
perhaps  to  its  being  in  immediate  contact  with  the  subjacent 
blue  marie,  buf  which  is  not  the  case  at  Merstham. 

The  kilns  are  situated  at  the  lowest  level  at  which  the  marie 
is  fit  for  the  kiln,  beneath  which  it  becomes  hard  and  par- 
takes largely  of  the  nature  of  stone  for  30  or  40  feet  in  depth ; 
the  lowest  bed^  being,  to  use  the  term  of  a  very  intelligent 
miner,  '  ratchelly' — rubbly,  very  loose,  and  easily  cleared 
away.  , 

This  ^  ratchelly'  bed  rests  imipediately  upon  the  series  of 
fire-stone  beds,  which  have  during  some  years  been  worked  as 
a  quarry,  affording  the  chief  supply  of  fire-stone  for  the  Lon- 
don market.  At  this  time  however,  the  quarry  was  full  of 
water,  but  an  account  of  it  by  T.  Webster  will  be  found  in 
the  fifth  volume  of  the  Transactions  of  the  Geological  Society. 
In  addition  to  the  information  there  given,  it  may  be  useful  to 
annex  a  description  of  these  beds,  by  the  intelligent  miner  oi 
whom  mention  has  already  been  made. 
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ratchdly  bed 
chert,  2  feet 
fire^toiie,  3  feet 
flint,  4  inches  (chert  ?) 

fire-stone,  4  feet 

fire-stone  and  chert,  mixed,  2  feet 

hard  and  uausable  for  any  thing, 
4  to  6  feet  (rag  ?) 

blue  marie 


These  beds  dip  on  an  average  nine  inches  in  every  3rard  io 
the  north,  and  together  furnish  a  never-failing  suppl;^  of  water, 
which  then  filled  the  quarry,  owing  to  a  circumstance  pre- 
sently .  to  be  detailed.  The  water  finds  its  way  not  only  be- 
tween the  beds,  but  also  in  great  quantity  through  nearly 
vertical  fissures  in  the  beds  themselves,  wide  enough  for  the 
admission  of  the  hand. 

The  following  diagram  describes  the  whole  series  of  beds 
near  Merstham. 


-  a*  hollow  in  which  the  limekilns  are  situated ;  b.  fire-stone  beds ;  c,  tun- 
nel ;  d,  blue  marie ;  e,  fullers*  earth  beds ;  ff,  green  sand ;  g,  probably 
"Weald  clay ;  h.  probably  iron  sand* 

To  drain  the  quarry  at  the  upper  part  of  the  fire-stone  beds  ^, 
a  tunnel,  c,  was  some  years  ago  dri?en  up  from  the  lowest  land 
near  Merstham,  and  in  a  very  nearly  horizontal  direction, 
through  the.  blue  marie  d^  which  marie  immediately  underlies 
the  fire-stone  beds,  but  at  the  actual  contact  is  of  a  yellowish 
colour. 

The  draining  of  the  beds  by  means  of  the  tunnel,  diverted  a 
stream  of  water,  which  formerly  issued  from  another  place, 
and  turned  a  mill;  but  as  the  tunnel  has  lately  been  stopped, 
the  water  has  resumed  its  old  course,  and  issuing  from  beneath 
the  picturesque  mound  on  which  Merstham  church  is  built,  and 
flowing  into  the  lower  land,  it  again  supplies  the  mill.  The 
water  appears  to  find  its  way  through  the  upper  part  of  the 
blue  marie,  where  it  contains  layers  of  somewhat  compact 
calcareous  sandstone,  inclosing  green  particles  and  mica. 
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The  bluenes9  of  the  water^  where  it  issues,  and  indeed 
whereyer  it  is  seen  covering  the  land,  and  in  the  ditches  of 
the  neighbourhood,  attracted  attention,  and  induced  a  close 
examination  into  the  extent  of  the  marie.  It  appears  everj 
where  between  the  quarries  and  Merstham,  as  will  be  evinced 
by  thrusting  a  stick  a  very  few  inches  into  the  ground ;  and 
-we  *  found  that  at  the  inn  at  Merstham  (the  Feathers)  a  well 
had  been  sunk,  as  the  well-digger  who  sunk  it  assured  us,  260 
feet  through  this  blue  marie  alone;  the  water  rising  from 
beneath  a  bed  of  stone  at  the  bottom  of  the  well. 

The  marie  strongly  reminded  me  of  the  blue  marie  at  Folke- 
stone, but  we  saw  no  organic  remains. 

From  Merstham  we  walked  to  Nutfield,  locking  evcrf 
where  for  the  continuation  of  the  blue  mark,  and  we  fbi»d  k 
for  about  two  miles  in  the  ditches  and  fields  on  both  sides 
of  the  common  road.  In  Nutfield  marsh,  the  water  appearad 
here  and  there  a  little  ferruginous,  giving  an  external  ti^^  to 
the  marie. 

So  soon,  however,  as  we  began  to  rise  towards  Nntfield  church 
(situated  in  a  lane  below  Nntfield  and  considerably  lower 
than  the  fullers'  earth  beds,)  the  marie  was  lost.  A  sand 
enclosing  layers,  often  so  highly  ferruginous  as  to  bear  the 
character  of  an  iron-stone,  appeared,  interstratified  with  others 
(frequently  of  sand)  of  a  greenish  or  bluish  cast;  but  all 
exhibiting  the  characteristic  particles  of  the  green  sand,  and 
dipping  at  about  the  same  quick  angle  as  the  fire-stone  beds  at 
Merstham. 

I  suspect  these  ferruginous  appearances  to  have  been  mis- 
taken for  the  iron  sand,  which  is  described  by  T.  Webster  as 
appearing  on  the  surface  south  of  Merstham. 

Our  principal  object  at  Nntfield  was  to  see  the  fullers'  earth 
beds,  as  regards  their  position ;  they  are  described  by^  the 
before-mentioned  author  as  lying  between  the  green  sand  and 
the  Iron  sand. 

Not  one  of  the  three  fullers'  earth  pits  now  working  was 
opened  to  the  bottom  of  the  fullers'  earth.  In  the  middle,  and 
most  important  one,  however,  we  procured  it  to  be  done,  and 
found  the  fullers'  earth  vesting  on  a  sand  and  sandstone  in  part 
highly  ferruginous,  but  no  where  without  the  green  particles 
belonging  to  the  green  sand ;  on  which  therefore  we  conclude 
it  rests,  and  not  on  the  iron  sand :  in  a  word,  that  the  fullers^ 
earth  is  enclosed  in,  and  subordinate  to,  the  green  sand  for.^ 
mation.  The  latter  is  often  ferruginous  in  places ;  the  massea 
of  stone  overlying  the  fullers'  earth  are  often  completely  so^ 

*  I  was  accompauied  by  my  friend  S.  I^.  Kent,  M.G.S* 
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atid  masses  and  layers  even  of  iron-s(one  were  seen  in  the 
banks  of  the  lane  leading  up  to  Nutfield  church  as  before 
recited. 

In  pursuing  our  walk  to  Red  Hill  near  Reigate,  we  found 
nothing  but  green  sand.  The  nature  of  Red  hill  itself  we  had 
not  time  for  exploring,  being  anxious  to  see  whether  the  low 
grounds  between  it  and  Merstham  consist,  as  between  Merstham 
and  Nutfield,  of  the  blue  marie.  We  found  the  marie  again 
half  a  mile  north  of  Red  hill,  and  about  a  mile  south  of 
French's  turnpike,  which  is  situated  on  a  little  rise  of  green 
sand.  At  this  place  we  met  with  a  farmer,  who  told  us  that 
the  blue  marie  -occupies  all  the  low  grounds  (or  much  of  the 
low  ground)  south  of  Merstham  —  that  it  is  locally  termed 
'  black  land'  —  is  in  many  places  very  holding  (produces 
good  crops)  and  where  it  is  suffered  to  lie  fallow  every  third 
year  wants  little  or  no  manure ;  a  strong  proof  of  its  marly 
nature. 

We  entered  the  Baron's  cave,  the  sand  of  which  is  referred 
by  T.  Webster  to  the  iron  sand.  The  opening  to  this  cave  is 
on  a  mount  north  of  Reigate  and  overlooking  it  completely. 
The  descent  of  the  cave  is  towards  the  town,  but  is  not  in  a 
direct  line,  at  an  average  angle  perhaps  of  30  or  35  degrees 
for  200  or  more  feet,  with  one  branching  vault  near  the  centre 
towards  the  west  about  150  feet  long,  from  10  to  12  feet  high, 
and  about  12  feet  wide.  The  sand  is  very  white,  except  where 
it  is  traversed  by  ochreous  veins ;  mica  is  found  in  it  sparingly 
and  in  small  fragments  as  well  as  extremely  minute  green  par- 
ticles, visible  only  by  the  help  of  a  glass.  It  seems  therefore 
to  belong  to  the  green_sand  formation. 

I  pointed  out  to  a  farmer  some  fragments  of  Petworth  marble 
lying  on  the  side  of  the  road,  and  employed  in  mending  it,  near 
French*s  turnpike ;  he  informed  us  that  it  is  found  in  layers 
in  blue  clay,  (the  Weald  clay  g  of  the  preceding  section)  south 
,of  Red  hill,  and  also  of  the  range  on  the  summit  of  which  the 
fullers'  earth  pits  are  situated  :  an  additional  reason  for  assu- 
ming the  sand  and  sandstone  on  which  the  fullers'  earth  lies  to 
belong  to  the  green  sand,  since  the  Weald  clay  lies  between 
the  green  and  iron  sand. 


From  *  the  points  just  described,  the  green  sand  ridge,  after 
being  cut  through  by  the  valley  of  the  mole,  ranges  on  the 
south  of  Dorking ;  Leith  hill,  which  is  about  990  feet  above 
the  level  of  the  sea,  and  possesses  a  remarkably  bold  and 
mountainous  character,  forming  a  part  of  it.     Dorking  itself 

*  The  remainder  of  this  article  i»  by  the  Rev.  W.  D.  Conybeare. 
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appears  to  stand  upon  the  Folkestone  marie.  The  upper  beds 
of  the  sand  formation  crossed  in  proceeding  thence  to  Leith 
hill,  are  coarse-grained  and  very  ferruginous,  and  alternate 
with  beds  of  clay  ;  so  that  they  appear  like  a  second  formation 
of  iron  sand  resting  upon  the  green  sand.  These  beds  continue 
to  intervene  between  the  chalk  marie  and  more  decided  green 
sand  throughout  the  western  part  of  Surrey.  The  strata  con- 
stituting the  mass  of  Leith  hill  have  the  green  particles  very 
sparingly  interspersed,  and  are  of  a  brownish  buff  colour ;  they 
are  nevertheless  well  characterised  as  belonging  to  the  for- 
mation usually  denominated  green  sand,  by  their  alternating 
beds  of  chert  passing  into  chalcedony,  and  by  the  abundance 
of  the  same  variety  of  alcyonium  which  Mr.  Webster  has 
described  in  the  same  formation  in  the  Isle  of  Wight.  The 
sections  of  these  form  white  rings,  traversing  in  every  direction 
the  darker  mass  of  the  rock. 

Immediately  south  of  Guildford,  the  ferruginous  upper  beds 
are  strikingly  displayed  at  St.  Catherine's  chapel.  The  more 
decided  green  sand  may  be  observed  beneath  it  on  the  south 
of  Godalming,  whence  it  ranges  south-west  to  Hind  Head,  a 
summit  of  this  ridge  nearly  rivalling  Leith  hill  in  height,  and 
rising  923  feet  above  the  sea.  Between  Leith  hill  and  Hind 
head,  the  chain  of  this  formation  is  broken  through  by  the 
valley  of  the  Wey,  but  is  otherwise  continuous,  and  breaks 
down  the  whole  way  with  a  very  bold  escarpment  towards  the 
great  valley  of  the  Weald  clay  on  the  south. 

The  upper  ferruginous  beds  intervening  between  this  ridge 
and  the  chalk  marie,  occupy  the  whole  extent  of  Alice  Holt 
and  Wooimer  forests ;  and  the  chalk  marie  containing,  as  at 
Merstham,  beds  of  firestone,  is  well  displayed  between  Alton 
and  Selborae. 

A  good  sketch  of  the  geology  of  this  district  will  be  found 
in  the  commencement  of  that  most  elegant  and  entertaining  of 
all  works  of  the  kind.  White's  Natural  History  of  Selbome ; 
hence  we  extract  the  following  particulars. 

The  chalk  rises  immediately  on  the  south-west  of  Selbome 
Into  a  considerable  eminence  called  Selbome  Hanger.  In  the 
pits  on  its  sides,  the  Ostrea  crista  galli,  Comua  ammonis  and 
Nautili  (of  the  species  probably  common  in  the  lower  chalk) 
have  been  found.  At  the  foot  of  this  hill,  is  a  thin  bed  of 
clay  which  divides  the  chalk  from  the  subjacent  strata  of  fire- 
stone on  which  the  village  stands.  The  roads  to  Alton,  and 
that  to  the  forest,  are  also  deeply  worn  into  this  rock.  It 
consists  of  a  white  firestone,  alternating  with  thin  beds  of  ^ 
blue  rag.    It  is  extensively  quarried  for  the  same  purposes  as 
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the  similar  strata  at  Merstham,  and  it  appears  to  rest  on  beds 
of  claj  which  dinde  it  from  the  sands  of  Woolmer  forest. 

To  the  south  of  Haslemere,  the  green  sand  range,  following 
the  mantle-shaped  disposition  of  all  the  strata  round  the  cen- 
tral nucleus  of  iron  sand,  becomes  as  it  were  reflected  towards 
the  south-east.  It  may  be  traced  by  Blackdown  hill  and 
Brinksole  heath  on  the  north  of  Petworth ;  but  the  hills  in  this 
direction  become  lower;  there  is  a  quarry  of  this  rock  well 
characterised  in  the  grounds  of  Lord  £gremont's  park  at  Pet- 
Iforth. 

Between  Petworth  and  the  chalk  escarpment  on  the  south, 
the  upper  ferruginous  sands,  before  noticed,  prevail;  and  at 
the  very  foot  of  the  escarpment  at  Duncton  hill,  the  chalk- 
marie  formation  is  well  displayed. 

We  have  not  traced  these  formations  through  the  remaining 
and  south-eastern  part  of  Sussex  to  the  sea,  but  that  district 
will  shortly  receive  full  illustration  from  the  publication  of  a 
work  expressly  dedicated  to  it  by  Mr.  Mantell  of  Lewes. 


The  continuation  of  this  denudation  on  the  opposite  coast  of 
France,  where  it  occupies  a  semicircle  of  about  twelve  miles 
radius,  ranging  round  Boulogne  as  a  centre,  and  skirted  by  a 
lofty  amphitheatre  of  chalky  hills,  exhibits  a  series  of  forma- 
tions lower  than  any  of  those  which  appear  on  the  English  side, 
and  which  can  therefore  be  only  spoken  of  in  this  place  by  an 
anticipation  of  the  general  method  pursued  in  this  work.  Yet^ 
as  it  is  only  in  consequence  of  its  connection  with  the  denu- 
dation of  the  Weald,  that  this  tract  acquires  importance  in  the 
eyes  of  the  English  geologist,  we  shall  throw  together  in  this 
place  the  imperfect  materials  we  possess  concerning  it,  trusting 
that  they  may  have  the  effect  of  leading  to  a  more  full  ex- 
amination of  a  district  connected  in  so  interesting  a  manner 
with  the  geology  of  our  own  coast. 

The  escarpment  of  the  chalk  pursues  the  semicircular  sweep 
above  described,  round  this  district ;  the  green  sand  may  also 
be  traced  on  the  north-east  of  Uissant,  and  the  hills  close  to 
Boulogne,  on  which  Buonaparte's  tower  is  built,  are  capped 
with  strata  of  ferruginous  sand,  possibly  our  own  iron  sand. 
But  instead  of  these  formations  occupying,  as  in  England,  the 
whole  of  the  denuded  area,  we  And  the  coast,  through  the 
greater  part  of  its  breadth,  lined  with  a  calcareo-argillaceous 
formation  which  underlies  the  sand  last  mentioned ;  this  may 
be  studied  in  the  cliffs  on  either  side  of  Boulogne,  which 
however  are,  from  the  nature  of  the  material,  in  a  very  crumb* 
Ung  state, 

u2 


Digitized  by 


Google 


156     Book  II.  Chap.  II.  Sect.  VI.    Particular  account  of  the 

One  of  the  upper  beds  of  this  formation  consists  of  a  remark- 
able calcareo-siliceous  grit.  Boulogne  is  principally  built  of 
this  rock.  It  often  forms  the  upper  stratum  of  the  cliffs  on 
the  north-east  of  that  town,  and  is  particularly  abundant  at  a 
place  called  le  Creche,  between  it  and  Uissant.  This  rests  on 
some  beds  of  argillaceous  limestone,  separated  by  clay;  and 
along  the  bottom  of  this  cliff  is  found  a  coarse  limestone  of  a 
brown  colour,  full  of  cornua  ammonis,  turbinated  uniralves, 
&c. 

These  alternations  of  argillaceous  and  calcareous  beds  con- 
tinue to  extend  into  the  interior  towards  the  east  of  Boulogne. 
In  a  deep  pit  sunk  at  Souverain  Moulin,  about  five  miles  from 
the  town  in  that  direction,  in  a  fruitless  attempt  to*  procure 
coal,  the  workmen  passed  through  tw^eWe  such  alternations, 
and  then  pierced  a  solid  calcareous  rock  100  feet  in  thickness, 
containing  ammonites.  Below  this,  occurred  a  thin  seam  of  wood 
coal,  and  then  20  feet  of  a  shelly  limestone  full  of  turbinated 
univalves,  small  oysters,  serpulae,  &c.  together  with  impressions 
of  ferns  and  other  vegetables ;  and  lastly,  another  thin  seam 
of  carbonized  wood,  resting  on  coarse  limestone. 

We  have  considered,  in  colouring  the  Map  annexed  to  this 
work,  the  alternating  beds  of  marie  and  limestone  as  belonging 
to  the  same  series  which,  near  Battle  and  in  the  Isle  of  Pur- 
beck,  underlie  the  iron  sand :  but  it  should  be  added  that  Mr. 
Buckland  rather  inclines  to  refer  them  to  the  older  formation 
of  the  Oxford  clay,  believing  the  calcareo-siliceous  grit  which 
covers  them,  to  be  the  same  with  that  associated  with  the  coral 
rag  of  England. 

The  coral  rag  is  exhibited  with  well  marked  characters 
about  nine  miles  south-east  of  Boulogne,  near  Samers,  and  the 
great  oolite  may  be  seen  in  the  country  round  Marquise  at  the 
same  distance  on  the  north-east.  Both  these  points  approach 
very  closely  to  the  chalk  escarpment;  so  that  if  the  green 
sand,  iron  sand,  &c.  exist  at  all  in  these  directions,  they  must 
be  greatly  reduced  in  extent. 

Near  Marquise,  the  oolite  comes  in  contact  even  with  the 
older  rocks  of  the  coal  formation,  which  shew  themselves  in 
this  corner  of  the  denudation  almost  immediately  beneath  the 
chalk.  This  coal  district  presents  a  band  of  mountain  lime- 
stone accompanied  by  another  of  regular  coal-measures.  The 
principal  marble  quarries  are  at  Ferques,  and  the  principal 
coal  mines  at  Hardingen.  The  stratification  is  extremely  con^ 
usied  and  contorted. 


Digitized  by 


Google 


Beds  between  the  Chalk  and  0 oolites — Isle  of  Wight,     157 

Section  VII. 
Isle  of  Wight.  * 

As  we  have  already  observed,  the  formations  which  it  is  the 
object  of  this  chapter  to  describe,  form  the  substrata  through- 
out the  southern  half  of  this  island.  They  may  be  most  effec- 
tually studied  at  their  junctions  with  the  range  of  vertical 
chalk  which  crosses  the  island  from  east  to  west ;  on  the  for* 
mer  side  at  Sandown  bay,  on  the  latter  at  Freshwater  bay. 

Of  this  appearance  in  Sandown  bay  Mr.  Webster  gives  the 
following  account. 

'  Immediately  below  the  chalk  without  flints,  is  a  stratum  of 
yellowish  white  marie,  or  argillaceous  chalk.  This  is  also 
wholly  without  flinty  nodules.  A  thick  stratum  of  sandstone 
succeeds,  consisting  of  siliceous  sand  united  by  calcareous 
matter,  and  containing  also  mica  and  green  earth.  It  is  often 
very  friable,  and  being  here  of  a  whitish  colour,  is  not  readily 
distinguished,  at  a  distance,  from  the  chalk. 

The  next  stratum  consists  of  a  dark  blue  or  grey  marie, 
which  readily  falls  to  powder  when  exposed  to  air  and  mois- 
ture ;  accordingly  its  place  is  marked  by  a  considerable  hollow, 
the  cliff  having  mouldered  away,  so  as  to  form  a  slope  which 
may  be  climbed  up  without  much  difficulty. 

The  blue  marie  is  followed  by  a  very  thick  stratum  of  dark 
red  and  highly  ferruginous  sand,  sometimes  containing  beds 
firmly  cemented  into  rock.  To  this  succeeds  a  yellow  sand 
stratum  ;  then  shale ;  and  a  very  irregular  succession  of  dark 
red  and  yellow  ferruginous  sands  with  clay,  and  shale,  extend* 
ing  nearly  to  the  middle  of  the  bay. 

The  section  of  these  ferruginous  strata  forms  a  very  lofty 
perpendicular  cliff,  distinguished  by  the  name  of  Red  cliff; 
which  bears  a  striking  contrast  to  those  of  the  neighbouring; 
chalk.  Vast  masses  of  it  are  constantly  falling  down ;  on  which 
account  it  is  rather  dangerous  to  walk  underneath. 

Near  the  termination  of  these  cliffs  towards  the  middle  of 
the  bay,  are  several  thin  strata  of  a  stone  composed  wholly  of 
bivalve  shells  in  a  calcareous  matrix,  much  resembling  Pur- 
beck  stone ;  but  the  shells  are  larger.  These  strata  are  from 
three  inches  to  one  inch  in  thickness,  are  separated  from  each 
other  by  beds  of  shale  and  fibrous  carbonate  of  lime,  and  have 
the  same  inclination  as  the  strata  lying  immediately  above 
them.    The  greatest  part  of  what  could  easily  be  got  at,  has 

*  By  the  Rev.  W.  P.  Conybeare. 
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been  carried  away,  and  used  as  paving,  for  which  it  answers 
very  well,  being  of  so  regular  a  thickness,  as  not  to  require  any 
preparation.' 

The  blue  marie  of  the  aboye  description  corresponds  with 
the  formation  denominated  in  this  work  the  Weald  clay. 

The  junction  on  the  east  of  Freshwater  bay  presents  an 
exact  repetition  of  the  above. 

Advancing  about  a  mile  south-east  of  this  junction,  Mr. 
Webster  observed  the  argillaceous  strata  on  which  the  ferru- 
ginous sandstone  reposes,  make  their  appearance  near  Brook 
point.     His  account  of  these  is  very  interesting. 

'  The  ferruginous  sand  cliffs  continued  some  way  farther, 
preserving  nearly  the  same  inclination.  But  the  strata  suc- 
ceeding to  it,  and  which  dipped  with  a  gradually  decreasing 
angle,  until  they  were  at  last  nearly  horiz^outal  near  Brook, 
were  very  different.  They  consisted  of  a  succession  of  beauti- 
fully coloured  plastic  clays  alternating  with  beds  of  red  and 
yellow  sand,  sandstone,  slate  clay  with  fossil  shells,  and  also 
limestone  containing  veins  of  calcareous  spar. 

At  Brook  point  the  cliffs  interested  me  much.  They  were 
about  thirty  feet  in  height ;  and  were  composed  chiefly  of  clay 
resting  upon  a  bed  of  soft  sandstone,  which  contained  a  con- 
siderable quantity  of  sulphur,  arising  from  the  decomposition 
of  pyrites. 

At  this  place  I  observed  many  masses  of  a  coaly  blackness, 
bearing  the  exact  form  and  resemblance  of  trunks  of  trees  that 
had  been  charred,  lying  on  the  beach,  and  imbedded  in  the 
clay  cliffs,  and  also  in  the  rock. 

In  some  parts,  the  ligneous  fibre  was  still  evident.  In  other 
parts,  the  wood  had  been  converted  into  a  substance  much 
resembling  jet;  its  blackness  being  intense,  its  cross  fracture 
cpnchoidal,  and  its  lustre  very  great.  Other  parts  of  the  trees 
were  entirely  penetrated  by  pyrites :  and  considerable  groups 
of  crystals  of  this  substance  were  frequently  attached  to  the 
outside* 

They  were  imbedded  in  clay  of  various  colours,  white,  grey>t 
yellow  and  red ;  and  lay  in  irregular  horizontal  strata  of  several 
inches  in  thickness,  being  often  pressed  flat,  by  the  incumbent 
"weight.  Over  this  stratum  of  clay,  which  is  about  eight  or  ten 
feet  thick,  there  is  another,  of  the  same  depth,  of  sand  and 
gravel  highly  ferruginous ;  and  the  water  which  filters  from  it 
is  strongly  impregnated  with  sulphate  of  iron. 

On  lifting  up  some  of  the  sea  weeds  which  grew  upon  the 
shore  between  high  and  low  water  mark,  I  was  surprised  to 
find  almost  all  the  rocks  below  them  composed  of  petrifiedi 
trees,  which  still  retained  their  original  forms.     They  were  of 
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Tariotis  si^es,  from  eight  or  ten  feet  long  and  two  feet  in  dia- 
meter, to  the  8i2e  of  small  brkncbes.  The  knotty  bark  and  the 
ligneous  fibre,  were  veiy  distinct ;  and  they  were  frequently 
Imbedded  in  masses  of  clay  now  indurated  and  in  the  state  of 
an  argillaceous  rock. 

Some  parts  of  these  trees  were  converted  into  iron-stone; 
and  other  parts  consisted  of  a  great  variety  of  substances,  being 
partly  calcareous,  ferruginous,  pyritous,  bituminous,  and  lig- 
neous ;  and  the  whole  exhibited  a  bffautiful  example  of  the 
astonishing  processes  of  nature  in  converting  vegetables  into 
coal,  and  in  filling  their  substance  with  solid  rock.  It  is  ol>- 
Tious  that  the  lowest  strata  of  the  island  are  exhibited  here 
and  at  San  down  foot. 

Where  the  strata  become  horizontal  along  the  line  of  the 
Qndercliff  on  the  south  of  the  island,  the  same  succession  of 
chalk,  chalk  marie,  green  sand,  blue  marie,  and  iron  sand  may 
be  traced.  The  best  section  is  affdnded  by  the  precipitous 
sides  of  Black  gang  chine.  In  the  underclifi",  the  green  sand 
contains  distinct  alternations  of  calcareous  and  cherty  beds.^ 


Section  VIII. 

Isle  of  Purbeck.* 

On  the  eastern  promontory  of  this  peninsula,  on  the  north 
of  Swanwich,  arid  directly  opposite  the  westierri  extremity  of 
the  Isle  of  Wight,  to  which  we  have  already  traced  them, 
these  formations  re-appear  together  with,  and  underlying,  the 
vertical  chalk. 

Mr.  Webster  thus  describes  the  section  presented  at  this 
point.  '  The  order  was  exactly  the  same  as  what  I  before 
observed  in  the  Isle  of  Wight.  Under  the  flinty  chalk,  was 
chalk  without  flints ;  then  chalk  marie ;  green  sandstone,  with 
limestone  and  chert ;  but  a  slight  trace  of  blue  marie ;  and, 
lastly,  ferruginous  sand,  sandstone  slate^  shale,  &c.  forming  the 
bottom  of  the  bay. 

The  lower  chalk  and  chalk  marie  were,  however,  much  in^ 
durated ;  and  the  limestone  and  chert,  with  many  fossils,  were 
mixed  among  the  green  sand'  in  the  most  ccMifused  state  imagi- 
nable; exhibiting  the  same  knotted  and  lumpy  appearance  as 
I  have  before  mentioned  with  respect  to  the  chalky  but  still 
more  remarkably. 

*  By  the  Rev.  W.  D.  Conybcare. 


Digitized  by 


Google 


160    Book  II.  Chap^II.  Sect  VIII.  Particular  account  of  the 

The  inclination  of  the  strata,  at  the  bottom  of  the  clay,  les- 
sened as  they  approached  the  town  of  Swanwich ;  in  these 
cliffs,  I  observed  a  stratum  of  fossil  wood,  similar  to  what  has 
been  described  at  Coropton  in  the  Isle  of 'Wight,  and  occupying 
the  same  situation.' 

The  section  fig.  5.  in  the  plates  accompanying  this  work, 
exhibits  a  representation  of  the  series  at  this  spot.  It  will 
there  be. farther  seen  that  the  substrata  of  the  Purbeck  and 
Portland  limestone,  &c.  emerge  from  beneath  these  arenaceous 
formations,  and  constitute  the  southern  promontory  of  this 
peninsula.  On  the  western  side  of  this,  the  coast  again  trends 
northward.  At  the  point  where  it  again  approaches,  in  con- 
sequence of  this  inflection,  the  line  of  the  chalk  hills,  is  a 
tract  about  four  miles  long,  rendered  in  the  highest  degree 
remarkable  and  interesting  by  a  series  of  nearly  circular  bays, 
guarded  in  front  by  projecting  capes  and  reefs  of  the  Portland 
rock,  and  excavated  backwards  into  the  interior  as  far  as  the 
chalk  ;  thus  forming  regular  oval  basins,  not  having  more  than 
one-third  of  their  circumference  open  towards  the  outer  sea. 
The  precipitous  sides  of  these  basins  afford  the  finest  sections 
of  all  the  formations  intervening  between  the  Portland  beds 
and  the  chalk.  The  outer  capes  of  these  coves,  which  exhibit 
the  Portland  beds,  are  lofty,  being  transvere  sections  of  a 
ridge  of  hills  of  that  formation  traversing  the  peninsula  longi- 
tudinally from  east  to  west.  The  inner  cliffs,  which  exhibit 
the  arenaceous  formations,  are  low;  being  cut  into  a  valley, 
^hich,  throughout  this  tract,  separates  the  above  ridge  from 
that  of  chalk;  Cliffs,  and  towering  eminences  of  the  latter, 
form  the  back  of  each  cove. 

There  are  six  of  these  coves,  which  occur  in  this  order  be- 
ginning from  the  east;  1.  Wofthbarrow  cove;  2.  Lulworth 
cove ;  3.  Stare  cove  (a  vefy  small  excavation) ;  4.  a.  larger 
cove  unnamed  ;  5.  Man-of-war  cove,  and  Purdle.or  Barn-door 
cove ;  remarkable  from  a  perforated  and  ^tqhed  rock  forming 
its  eastern  cape,  whence  it  has  acquired  the  latter  name. 

The  sections  in  all  these  correspqn^  tio  those  before  described 
in  the  Isle  of  'Wiglit,-aitd-^t  Swanwich  bay.  At  Lulworth 
cove,  which  is  perhaps  the  most  remarkable  of  these  on  ac- 
count of  the  regularity  of  its  circular  form,  the  beds  of  wood 
coal  contained  in  the  iron  sand  are  very  strikingly  exhibited. 

Mr.  Webster  has  well  observed  that  these  coves  are  equally 
remarkable  for  their  singular  form^and  picturesque  character, 
as  from  their  comprising  in  so  short  a  space  the  epitome  of  s» 
considerable  a  portion  of  the  English  strata.  . 


Digitized  by 


Google 


Beib  between  the  Chalk  and/)oUte$ — Midland  counties.  161 

Section  IX. 

Attempt  to  trace  the  arenaceous  formations  through  the 
Midland  counties.  * 

The  iron  sand  cannot,  it  is  believed,  be  pursued  in  Dorset- 
shire much  to  the  west  of  the  point  to  which  it  has  been  traced 
in  the  last  section,  its  line  of  basset  being  entirely  overlaid  in 
that  direction  by  the  green  sand,  which  thus  becomes  imme- 
diately incumbent  upon  older  formations ;  nor  is  it  again  to  be 
distinctly  recognised  until  we  arrive  at  the  neighbourhood  of 
Devizes  in  Wiltshire.  The  course  of  the  green  sand  through 
this  interval  has  been  already  sufficiently  indicated  in  the  sec- 
tion dedicated  to  that  formation ;  but  at  this  point,  wherein 
both  the  sands  are  again  distinctly  to  be  traced,  it  becomes 
important  to  bestow  on  them  a  more  particular  attention,  in 
torder  to  connect  the  history  of  these  formations  in  the  southern 
and  midland  counties.  We  regret,  however,  that  we  can  do 
little  more  at  present  than  point  out  the  subject  for  future 
examination. 

The  green  sand  here  extends  throughout  the  vale  of  Pewsey ; 
and  its  lowest  beds  may  be  seen  in  the  canal  locks  near 
Devizes,  resting  on  the  Weald  clay.  The  iron  sand  may  be 
traced  farther  to  the  west,  rising  on  the  banks  of  the  hills  of 
the  coral  rag  range  towards  Bowood. 

Proceeding  to  the  north-east,  under  the  northern  foot  of  the 
Marlborough  downs,  the  traces  of  these  formations  become 
much  obscured. 

Beneath  the  great  escarpment  of  the  chalky  range,  is  a  sub- 
escarpment,  or  lower  terrace,  occupied  by  beds  very  analogous 
to  those  which  occur  in  the  chaik  marie  at  Merstham  and  at 
Selborne.  Beneath  this  sub-escarpment  may  be  traced  beds  of 
green  sand,  well  characterised  both  by  their  texture  and  fos- 
sils, but  tinimportant  in  thickness  and  extent.  In  the  valley 
beneath,  where  we  should  naturally  look  for  the  course  of  the 
iron  sand,  almost  every  thing  is  concealed  by  alluvial  debris, 
and  a  few  insulated  points  of  this  formation  are  alone  visible. 

The  same  condition  of  things  extends  through  the  whole 
vale  of  the  White  horse ;  but  the  traces  of  decided  green  sand 
cannot  be  observed  much  farther  east  than  Wantage.  Here  the 
sub-escarpment  of  the  indurated  chalk  marie  beds  assumes  a 
greater  height  and  importance,  rising  on  the  banks  of  the 
Thqines  opposite  Dorchester  into  two  conspicuous  conical  hills, 

♦  By  the  Rev.  W.  D.  Conybearc. 
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one  of  which  is  crowned  by  the  entrenchments  of  a  Roman 
camp.  It  seems  not  improbable  that  the  green  sand  and  chalk 
iriarle  may  run  together  in  those  hills,  and  pass  so  gradually 
into  each  other  as  not  to  be  distinguishable.  At  their  foot  lies 
a  broad  argillaceous  flat ;  but  in  the  absence  of  more  decided 
evidence  of  the  presence  and  position  of  the  green  sand  for- 
mation, it  must  remain  somewhat  doubtful  whether  this  tract 
belongs  to  the  clay  of  Folkstone  or  that  of  the  Weald;  al- 
though from  its  relation  to  the  green  sand  of  Wantage,  which, 
at  the  distance  of  about  six  miles  westward,  seems  to  be  placed 
above  the  same  clay,  we  are  inclined  to  identify  it  with  the 
latter. 

About  two  miles  north  of  these  hills,  the  iron  sand,  emerg- 
ing from  beneath  the  argillaceous  strata  last  mentioned,  ex- 
hibits itself  on  the  banks  of  the  Isis  in  the  low  cliff  which 
supports  the  small  church,  and  gives  name  to  the  village  of 
Clifton. 

The  same  inferior  terrace  of  indurated  chalk  marie,  which 
we  have  thus  traced  through  Berkshire,  continues  to  range  be- 
neath the  chalk  hills  of  Oxfordshire,  between  one  and  two  ' 
miles  in  advance  of  this  great  escarpment.  It  is  extensively 
quarried  for  building,  &c.  in  the  parish  of  Roak.  It  here  con- 
tains the  following  organic  remains. 

Turrilite* 

Scaphite. 

Hamites  plicabilis.  Pi.  434,  Sowerby. 

Hamites  armatus,  Pi.  168,  ditto. 

Peclen  Beaveri,  Pi.  158,  ditto. 

Ammonites  varians,  Pi.  176,  ditto. 

^^//lontYe^  rostratu».  Pi.  173,  ditto. 

It  contains  also  an  Echinus  and  some  other  fossils  of  the 
Folkstone  clay. 

The  traces  of  green  sand  have  not  yet  been  observed  through 
this  district,  and  perhaps  do  not  exist.  The  chalk  marie  seems 
to  repose  immediately  on  a  deep  blue  clay  which  forms  a  tract 
about  two  miles  broad,  succeeded  by  the  iron  sand,  the  limits 
of  which  in  this  and  the  adjacent  counties  have  been  already 
sufficiently  traced  in  the  general  article  on  that  formation. 

Tetsworth  stands  on  the  above  clay ;  which,  from  the  ab* 
sence  of  decided  traces  of  green  sand,  and  our  imperfect 
acquaintance  with  its  fossils,  we  are  not  able  to  identify  posi- 
tively, either  with  that  of  Folkstone  or  the  Weald.  Possibly 
from  the  absence  of  the  intermediate  green  sand,  both  these 
formations  may  have  come  into  contact  and  be  confounded  to* 
gether  in  one  general  clayey  tract. 
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The  same  constitution  of  the  district  immediately  succeeding 
the  chalky  range,  maj  be  traced  through  the  other  midland 
counties  (Buckinghamshire  and  Bedfordshire)  into  Cambridge- 
shire, but  is  much  covered  and  concealed  by  the  great  accu- 
mulation of  the  diluvial  debris  of  the  chalk  hills,  which  convert? 
much  of  this  interval  into  a  vast  plain  of  flint  gravel. 

The  indurated  chalk  marie  is  extensively  quarried  at  Tot- 
ternhoe  in  Bedfordshire  and  Reach  in  Cambridgeshire.  It  Is 
there  known  by  the  name  of  chinch.  It  affords  by  burning  a 
good  lime.  Some  of  the  beds  resemble  those  of  Riegate,  and 
are  used  for  the  like  purpose,  at  a  firestone.  Reniform  masses 
of  radiated  pyrites  are  common,  and  one  singular  bed  is  full  of 
similar  masses  of  yellow  indurated  marie,  externally  of  a  green 
colour,  and  of  all  sizes  from  a  hazel  nut  to  an  ordinary  potatoe. 
-  This  clunch,  or  indurated  chalk  marie,  forms  the  Castle  hill 
at  Cambridge,  and  most  of  the  heights  in  that  neighbourhood. 
Its  line  of  junction  %ith  the  upper  chalk  is  said  to  range  by 
Royston,  Balsham,  and  Newmarket,  between  the  chalk  marie 
and  the  iron  sand,  which  occurs  on  the  west  of  this  county. 
Near  Gamllngay  may  be  traced,  as  in  Oxfordshire,  a  broad 
argillaceous  tract,  the  clay  composing  which  is  locally  known 
by  the  name  of  galL 

The  chalk  marje  which  reposes  on  this  bed  is  said  not  to  be 
separated  from  it  by  any  strongly  decided  demarcation,  but 
rather  to  pass  into  it  by  an  insensible  gradation.*  Some  beds 
of  green  sand  occur  near  the  junction,  and  others  at  the  bottom 
of  the  gait,  and  near  its  junction  with  the  iron  sand.  Its 
organic  remains  seem  rather  ip  identify  the  gait  with  the  clay 
of  Folkstone,  than  with  that  of  the  Weald.  It  is  possible, 
however,  that  bojth  may  be  blended  together,  almost  without 
the  chance  of  discriminating  then^,  in  a  country  where  little  iji 
to  be  seen  but  fen  and  marsh.     The  Isle  of  Ely  presents  » 

•  I  Lave  never  been  aWe  %q  observe,  says  Professor  Hailstone,  any  strong 
line  of  separation  betwixt  the  clunch  and  the  succeeding  stratum  of  gault 
on  which  it  rests.  I  believe  they  pass  into  each  other.  The  lower  beds  of 
dunch  become  more  sandy,  and  gradually  assume  the  nature  of  an  argilla- 
ceous loam.  In  the  next  observable  staee  of  transition,  the  mass  assumes  a  . 
greenish-grey  colour,  and  a  plentiful  admixture  of  dark  green  sand  is  uni- 
formly dispersed  through  its  substance.  At  the  same  time  it  contains  nu* 
merous  irregular  dark  brown  nodules  of  a  ferruginous  indurated  marie. 
At  length  these  foreign  matters  disappear,  the  mass  becomes  uniform,  and 
ends  in  a  bluish  clay  or  argillaceous  marie  called  gault.  This  occurrence 
of  green  sand  in  the  confines  of  the  two  beds,  was  first  noticed  by  Mr. 
Warburton  at  the  brick-pits  near  the  Castle  hill,  from  which  he  inferred 
that  it  always  takes  place  under  the  same  pircumstances;  an  inference 
which  is  borne  out  by  the  testimony  of  the  mpst  experienced  brick-inakefi 
about  Cambridge.    (G.  T.  vol.  iii.  p.  249.) 
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hillock  of  sand  (perhaps  of  the  green  sand)  resting  upon  a  part 
of  the  gait. 

The  adjacent  parts  of  Norfolk  have  never  been  carefully 
examined.  The  beds  immediately  underlying  the  chalk  at 
Hunstanton  cliff  have  been  already  mentioned,  when  tracing 
the  course  of  the  chalk  formation  in  that  quarter  (page  78.) 
They  remind  us  most  of  the  ferruginous  sands  immediately 
underlying  the  chalk  marie  near  Guildford  in  Surrey. 

In  Lincolnshire,  as  has  already  been  observed,  the  lower 
beds  of  the  chalk  range  are  of  a  reddish  hue,  derived  from  the 
intermixture  of  iron.  Ought  these  to  be  referred  to  the  true 
chalk  or  rather  to  the  chalk  marie  ?  Beneath  these  the  follow* 
ing  strata  have  been  observed. 

a,  Quartzose  ferruginous  pebbly  sand  . .  from  6  to  10  yards* 
6.  Calcareous  clay,  containing  beds  and > -^  *    14  

concretions  of  oolitic  limestone . .  ) 
e.  Granular  quartzose  sandstone  and^         . ,      , ,     thVk 

sand    varying  from  dark  brownf    7/ 4™  4/t^ ' 

to    hght    grey,    and  contammgr      fo^^^beds. 

sneiis  •••.•••..••••••.  ..••«. ^ 

It  is  yery  desirable  that  the  organic  remains  of  the  stratum 
a.  should  be  ascertained,  and  until  this  is  done  it  is  impossible 
to  identify  it  with  certainty ;  mean  while,  it  may  be  referred 
with  the  greatest  probability  to  the  green  sand. 

These  beds  rest  on  strata  of  argillaceous  shale,  which  have 
been  pierced  to  the  depth  of  more  than  100  yards.  They 
appear  to  belong,  in  part  at  lesist,  to  the  Oxford  clay,  the 
intermediate  beds  being  here  deficient ;  but  it  is  impossible  in 
the  present  state  of  our  information  to  hazard  more  than  a 
conjecture  on  the  subject. 

An  examination  of  the  foot  of  the  Yorkshire  Wolds,  and 
more  especially  of  the  coast  where  their  lower  strata  meet  the 
sea  on  the  north-west  of  Flamborougb  head,  would  very  pro« 
bably  clear  up  all  difficulties  on  this  subject,  and  enable  us  to 
institute  a  satisfactory  comparison  between  those  formations 
in  the  northern  and  southern  counties,  and  we  may  hope  that 
even  the  present  suggestion  may  contribute  to  further  this 
object. 


Digitized  by 


Google 
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OOLITIC  SERIES; 


Including  all  the  Strata  between  the  Irpn  Sand  and 
Red  Marie. 


Section  I.     General  view.* 

(fl)  Of  these  formations  in  England.  We  now  enter  upon 
the  second  of  the  three  great  subdivisions  of  the  formations 
classed  by  us  under  the  Supermedial  Order ;  a  series  on  many 
accounts  highly  interesting  and  important,  since  it  is  the  great 
repository  of  the  best  architectural  materials  which  the  Island 
produces, — and  since  the  history  and  relations  of  its  several 
members,  although  they  occur  extensively  on  the  continent, 
have  in  this  country  alone  been  fully  developed  and  illustrated. 

It  would  here  be  unjust  to  suppress  honorable  mention  of 
the  name  of  Mr.  Smith,  well  known  from  his  Greological  Map 
and  Sections.  It  is  his  great  and  real  merit  to  have  been  the 
first  person  who  clearly  ascertained  and  established  the  true 
order,  position,  and  course  of  these  formations;  and  superseded 
the  vague  and  getleral  denomination  of  secondary  or  shell  lime- 
stones, by  introducing  the  determination  of  a  full,  precise,  and 
particular  knowledge. 

The  system  of  formations  occupying  the  interval  of  which 
we  have  above  determined  the  limits,  may  be  generally  des- 
cribed as  consisting  of  a  series  of  oolitic  limestones,  of  calcareo- 
siliceous  sands  and  sandstones,  and  of  argillaceous  and  argillo- 
calcareous  beds,  alternating  together,  and  generally  repeated 
in  the  same  order ;  i.  e.  a  formation  consisting  of  many  beds  of 
oolitic  limestone,  resting  upon  one  of  calcareo-siliceous  «and, 
and  that  again  upon  an  argillo-cakareous  formation. 

Neglecting  for  the  present  minor  subdivisions,  we  may  with 
sufficient  accuracy  represent  three  of  these  systems  as  compre- 
hending all  the  beds  which  intervene  between  the  iron  sand, 
and  the  saliferous  or  new  red  sandstone.  Each  of  these  systems 
is  based  on  an  argillo-calcareous  formation  of  great  thickness, 

*  By  the  Rev,  W.  D.  Coaybeare. 


Digitized  by 


Google 


166 


Book  II.     Chap.  III.     Oolitic  series. 


1,  Upper  Oolitic 
system. 


which  always  constitutes  a  well  marked  line  of  demarcation, 
preventing  the  possibility  of  mistaking  or  confounding  tbem  to- 
gether ;  the  oolitic  rocks  of  each  system  generally  forming  a 
distinct  range  of  hills^  separated  from  those  of  the  other  systems 
by  a  broad  argillaceous  valley.  Hence  we  may  give  a  synoptical 
view  of  the  whole  series,  as  divided  into  the  upper,  middle, 
and  lower  oolitic  systems.  * 

Argillo-calcareous  Purbeck  strata,  sepa- 
rating the  iron  sand  and  oolitic  series. 

Oolitic  Strata  of  Portland,  Tisbury,  and 
Aylesbury. 

Calcareous  sand  and  concretions  (Shotover 
hill  and  Thame.) 

Argillo-calcareous  formation  of  Kimme- 
ridge  and  the  vale  of  Berks,  separating 
the  oolites  of  this  and  the  next  system^- 
Oaktree  clay  of  Smith  (generally). 

N  rOoUtic  Strata  associated  with  the  Coral 

I      rag  (Pisolite  of  Smith), 
Middle  Oolitic  J  Calcareous  sand  and  grit. 

system.  j  GreatOxfordciay(Clunch  clay  of  Smith) 

I      separating  the  oolites  of  this  and  the 
L    flext  system^ 

Numerous  Oolitic  strata,  occasionally  sub^ 
diyided  by  thin  argillaceous  beds  ;  in- 
cluding the  Con^brash,  Forest  marble, 
Schistpse  oolite  and  sand  pf  Stonesfield 
and  Hinton,  Great  oolite,  and  Inferiqr 
oolite. 

Calc^reorsiliceous  sand,  supporting  an4 
passing  intQ  the  inferior  oolite. 

Great  argillo-calcareous  formation  of  Lias 
and  Lias  iparle,  co|istituting  t)ie  base 
of  the  whole  series. 

Ths  difficulties  more  than  once  already  alluded  to^  as  to  the 
precise  and  proper  use  of  the  word  formation  will  here  present 

*  In  the  former  editiont  of  Professor  Buckland's  Synoptical  view,  the 
principle  of  adhering  to  the  g^eat  natural  division  of  these  syvtems  by  the 

Srincipal  argillaceous  formations,  was  sacrificed  to  the  convenience  ot  sub- 
ividing  the  numerous  beds  of  the  lower  system;  so  that  the  two  uppe^ 
syitems  are  here  classed  together,  and  the  lower  divided  into  rwo.  He  is 
now,  however,  inclined  to  admit  the  propriety  of  employing  the  more 
natural  divisions  adopted  in  the  text. 


Lower  Oolitic 
system. 
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thenlselves.  It  seems  applicable  with  sufficient  propriety  to 
designate  the  distinction  between  these  three  oolitic  systems, 
separated  as  they  are  by  vast  intervening  argillaceous  deposits  ; 
and  even  to  the  distinction  between  those  argillaceous  deposits 
and  the  oolites  they  support — but  scarcely  so  to  the  minor  sub'^ 
divisions  which  take  place  in  the  lower  oolitic  system.  And  wc 
must  observe  generally,  that  all  the  systems  appear  to  have 
resulted  from  the  gradual  and  successive  action,  through  a  long 
period,  of  similar  causes,  miinterrupted  by  any  violent  change 
of  circumstances.  Whence  these  causes  produced,  at  one  time 
argillaceous,  at  a  second  arenaceous,  and  at  a  third  calcareous 
and  oolitic  deposits ;  or  why  these  alternations  are  several  times 
repeated,  are  questions  which  it  does  not  belong  to  the  present 
state  of  science  to  answer. 

Each  of  these  beds  is  characterised  by  its  peculiar  organic 
remains,  and  very  often  even  the  minutest  subdivisions  may  be 
thus  identified, — remains  of  many  extinct  genera  of  oviparous 
quadrupeds,  allied  more  or  less  nearly  to  crocodiles  and  moni* 
tors,  but  apparently  inhabitants  of  salt  water  only, — various 
vertebral  fishes^ — testacea  of  every  description, — coroUoid  zoo- 
phytes,— encrinites,  &c. 

These  formations,  in  £ngland,  occupy  a  zone  having  neariy 
thirty  miles  in  average  breadth,  extending  across  the  island 
from  Yorkshire  on  the  north-east  to  Dorsetshire  on  the  south- 
west. 

{b)  Foreign  localities.  The  British  Islands  present  no 
traces  of  these  formations  beyond  the  limits  above  assigned, 
with  tlve  exception  of  the  lias,  which  occurs  in  Ireland  in  the 
county  of  Antrim,  near  the  south-east  border  of  the  basaltic 
district ;  in  the  Isle  of  Sky,  and  some  other  of  the  Hebrides. 

In  France,  as  we  have  before  stated,  some  of  the  oolites  of 
this  series  may  be  traced  in  the  denuded  tract  surrounding 
Boulogne,  particularly  at  Marquise;  they  may  be  seen  also 
ftttcceeding  the  chalk  on  the  west  on  the  coast  of  Normandy, 
beyond  the  mouth  of  the  Seine,  and  between  that  point  and 
the  transition  district  of  the  Cotentin. 

A  recent  examination  of  that  coast  by  Mr.  De  la  Beche,  who 
has  kindly  communicated  to  us  the  general  results  of  his  obser- 
vations, enables  us  to  add  to  the  notice  already  given  (see  the 
note  on  the  account  of  the  chalk  cliffs  of  the  French  coast)  the 
following  more  detailed  and  corrected  particulars. 

Along  the  mouth  of  the  Seine,  on  both  sides,  the  chalk  and 
green  sand  repose  on  a  blue  marie  and  marle-stone.  At  Trou- 
ville  sur  Mer,  the  oolites  of  the  upper  and  middle  formation, 
i.  e.  the  Portland  stone  and  Coral  rag,  emerge  from  beneath 
^his  marie.   Between  Yillers  sor  Mer  and  Dives,  the  clay  sepa- 
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rating  the  second  and  third  system  (the  Oxford  clay)  forms 
the  base  of  the  cliffs,  which  are  capped  by  the  lower  beds  of 
the  coral  rag,  and  an  overlying  mass  of  green  sand.  Still  fur- 
ther west  by  St.  Comme,  Arromarche,  St.  Honorine,  Virreville, 
and  Grandcamp^  the  cliffs  present  the  inferior  oolite  resting  on 
lias. 

Hence,  a  zone  of  these  formations  extends,  circling  rouAd 
the  chalky  and  arenaceous  border  of  the  basin  of  Paris,  by 
Caen,  Alen9on,  Poitiers,  Bourges,  Auxerre,  Bar  le  Due,  and 
Mezieres,  the  oolites  stretching. beyond  all  these  places,  sue* 
ceeded  at  a  wider  distance  by  the  subjacent  lias  ;*  and  still 
further  by  the  red  marie,  which,  with  a  few  occasional  inter- 
ventions of  coal-measures,  reposes  on  the  transition  and  primi- 
tive chains  of  Bretagneand  la  Vendee  on  the  west ;  of  Limousin, 
Auvergne,  Forez,  Beaujolais,  and  Moroan  on  the  south,  and  of 
the  Vosges  on  the  east. 

Within  the  interior  area  of  the  basin  of  Paris,  there  is  also  a 
small  denudation  exposing  the  oolites,  in  a  district  called  the 
Pays  de  Bray,  a  little  north-^west  of  Beauvus. 
•  The  extensive  chains  of  the  Jura  mountains  is  principally 
composed  of  lias  and  the  oolitic  series.  There  is  a  very  in- 
teresting description  of  the  part  of  this  chain  near  Lons  de 
Saulnier  by  Mr.  Charbant,  in  which  it  appears  that  its  base  is 
composed  of  red  and  variegated  marie  containing  gypsum; 
that  on  this  reposes  an  extensive  formation  of  beds  of  gryphite 
limestone  (lias),  alternating  with  marles  containing  fossils  ex- 
actly similar  to  those  which  characterise  this  formation  in 
England ;  that  these  are  covered  by  a  series  of  oolitic  beds,  the 
lowest  of  which  (like  our  inferior  oolite)  abounds  in  ferruginous 
particles,  and  is  surmounted  by  a  fine  granular  oolite  and  free«- 
stoae,  forming  the  escarpment  of  the  first  terrace  of  these  hills; 
and  lastly  that,  above  this  first  terrace,  are  others  each  present- 
ing an  oolitic  series  based  on  argillaceous  beds  which  separate 
it  from  that  beneath.  Nothing  can  possibly  present  closer 
analogies  to  the  arrangement  of  these  formations  in  our  own 
island. 

Professor  Buckland  has  the  following  observations  on  the 
oolite  and  lias  of  the  Alps,  f  The  two  principal  varieties  of 
the  oolite  or  jura  limestone,  are :  1.  A  compact  grey  marble ; 
3.  A  granular  oolite ;  the  latter  occurs  abundantly  in  the  Tyrol, 
in  the  valley  of  the  Adige  below  Trent,  and  occasionally  in  the 
Salzburg  mountains ;  the  former  prevails  in  Switzerland^^  and 

*  Mr.  Omalius  d*Halloy,  or  at  least  hit  translator  in  Thomson's  Annals, 
"CaUl  att  theie  form^ons  lias,  including  the  oolites  under  that  appellation. 

f  Aonik  of  Philosophy,  June  1821. 
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generally  through  the  Alps ;  near  Aigle,  on  the  south-east  of 
Verej,  it  assumes  the  character  of  red  compact  marble  similar 
to  that  of  Salzburg  ;  and  at  Roche,  in  the  same  neigboufhood, 
it  is  full  of  organic  remains  resembling  those  of  the  English 
coral  rag;  but  from  the  compact  nature  of  the  matrix  in  which 
they  are  imbedded,  these  are  visible  only  on  the  surface  of  the 
weathered  blocks.  This  last  observation  may  be  applied  also 
to  a  large  proportion  of  the  younger  alpine  limestone  beds  in 
the  Tyrol  and  Salzburg,  in  which  the  organic  remains  are  for 
the  most  part  concealed  by  the  extreme  compactness  of  the 
stone;  but,  when  apparent,  are  referable  to  the  same  classes 
with  the  oolite  fossils  of  England.  Such  remains  are  distinctly 
visible  at  Nafels,  near  Glarus,  in  Switzerland,  and  at  lialstad, 
in  Salzburg ;  where  also  the  limestone  becomes  partially  oolitic. 

The  lias  (like  all  the  other  formations  in  the  Alps)  is  desti- 
tute of  its  alternating  beds  of  clay,  but  maintains  its  position 
between  the  oolite  and  new  red  sandstone.  At  the  salt  mines 
of  Bex,  it  reposes  immediately  on  the  upper  bed  of  saliferous 
gypsum,  where  it  is  a  dark»blue  compact  limestone,  and  con- 
tains ammonites,  nautilites,  terebratulites,  and  many  bivalves 
identical  with  those  of  the  lias  of  England. 

At  Haistad,  it  occupies  a  similar  position  between  the  oolite 
and  red  marly  sandstone  that  covers  the  saliferoas  limestone, 
and  is  full  of  ammonites,  belemnites,  and  other  lias  fossils.  At 
Seefulden,  near  Inspruck,  it  contains  fish  similar  to  those  wh'ch 
occur  in  the  English  lias  at  Lyme  Regis.  And  at  Mischelle, 
near  Trent,  it  may  be  seen  dividing  the  oolite  from  the  red 
marie  and  new  red  sandstone. 

In  the  central  parts  of  Germany,  the  lias  stretches  from  the 
Raue  Alp  (a  continuation  of  the  Jura  chain)  through  Wurtem- 
bourg  to  Nurembourg,  Gotha  Wurtzbourg  and  Cobourg,  occu- 
pying the  greater  part  of  the  lower  country  between  the  moun« 
tains  of  the  Black  forest,  Bergstrasse,  and  Vosges  on  the  west, 
and  the  Bohemer  Wald  and  Thuringer  Wald.  It  does  not  appear 
that  any  decided  oolites  occur  in  this  tract,  but  its  details  have 
never  been  fully  examined.  In  the  north  of  Germany,  the  lias 
may  be  traced  surrounding  the  Hartz,  and  stretching  on  the 
north  of  the  Erzgeberge,  reposing  on  the  red  marie  ;  it  is  de- 
scribed by  Mr.  Freisleben  under  the  appellation  of  muschel 
kalkstein.  Oolites  here  occur  associated  with  it,  but  in  no 
greater  quantity. 

In  Russia,  the  lias  certainly  occurs  near  Moscow,  but  we 
have  no  distinct  particulars  concerning  the  secondary  forma- 
tions of  that  vast  country. 

The  tracts  of  these  formations  in  England,  France,  Germany, 
and  Russia,  may  be  considered  as  parts  of  a  continuous  series 
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of  deposits  occupying  the  great  centpal  basin  of  Europe.  That 
on  the  Italian  side  of  the  Alps^  although  necessarily  mentioned 
in  connection  with  that  chain,  belongs  to  a  distinct  and  south- 
ern basin  ;  of  which  a  great  part  of  Spain  also  probably  forms  a 
portion.  Much  of  the  limestone  of  that  country  may  perhaps 
prove  to  be  lias,  and  the  oolites  are  distinctly  described  by 
Mr.  Townshend  as  extending  round  Anchuel^  del  Campo,  about 
half  way  between  Saragossa  and  Madrid. 

No  observations  on  these  formations  beyond  the  limits  of 
Europe  have  yet  been  published,  which  can  authorise  us  in 
attempting  to  identify  them. 

Section  11. 

Upper  division  of  the  Oolitic  series^  including  1.  The 
Argillaceous  Jbimestone  beds  ofPurbeck;  2.  Portland 
Oolite;  3.  Kimmeridge  clay. 

The  natural  and  geographical  relations  of  these  formations 
having  induced  us  to  refer  them  to  a  single  section,  we  shall 
pursue  the  following  order  in  describing  them. 

Each  formation  will  be  first  separately  treated  of  under  all 
the  usual  heads,  with  the  exception  of  those  assigned  to  range 
and  extent,  height  of  hills,  and  inclination,  which  will  be 
postponed  to  a  general  article  placed  at  the  end  of  the  particu* 
lar  account  of  these  three  formations,  as  viewed  separately, 
since  in  all  these  respects  they  are  so  intimately  associated  to- 
gether, that  confusion  and  needless  repetition  would  be  pro- 
duced by  any  other  mode  of  considering  them. 

As  the  particular  description  of  the  three  formations  will 
thus  form  paragraphs  in  the  same  section,  the  usual  letters  (a) 
to  (0  will  be  employed  to  mark  those  devoted  to  the  Purbeck 
beds ;  they  will  be  doubled  for  the  Portland  {aa)  to  (fi),  and 
trebled  for  the  Kimmeridge  clay  (aaa)  to  (m).     (C.) 

1.    PURBECK  BEDS. 

(a)  Chemical  and  external  characters.  The  Purbeck  beds, 
which  occupy  the  highest  place  in  this  series,  consist  of  many 
thin  strata  of  argillaceous  limestone,  alternating  with  schistose 
marles,  and  forming  an  aggregate  more  than  300  feet  in  thick- 
ness.    Mr.  Webster  thus  describes  them. 

The  Purbeck  stone  consists  chiefly  of  shells  (principally  the 
Helix  vivipara),  partly  whole,  and  partly  in  a  state  of  commi- 
nution, imbedded  in  a  calcareous  cement,  which  is  sometimes 
very  pure  and  crystallized,  and  sometimes  in  a  state  approach* 
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iiig  to  an  jodarated  marie.  These  beds  are  separated  by  others 
entirely  without  shells ;  and  also  by  layers  of  shale  and  marie, 
the  shivery  nature  of  which  allows  the  stone  to  be  quarried 
with  much  ease.  It  is  thus  c^tained  of  various  degrees  of 
thickness,  according  to  that  of  the  bed,  and  the  whole  hill 
consists  of  many  alternations  of  these  strata.*     (W.  179.) 

The  stone,  well  known  by  the  name  of  Purbeck  marble, 
and  which  was  formerly  much  used  in  our  gothic  churches 
for  columns  and  monuments,  was  nearly  the  uppermost  of 
these  beds ;  and  differs  from  the  common  Purbeck  stone,  only 
in  the  purity  of  the  calcareous  matter,  and  in  the  shells  being 
more  entire.  It  agrees  exactly,  or  very  nearly  so,  with  the 
Petworth  marble ;  but  is  now  out  of  use,  and  the  quarries  are 
filled  up,  and  scarcely  known.     (W.  172.) 

(6)  Mineral  contents^  The  only  mineral  contents  of  these 
beds  appears  to  be  the  pyrites  occurring  in  the  marie,  and  the 
gypsum  consequent  to  its  decomposition.  Gypsum,  both  stri- 
ated and  amorphous,  in  a  bed  of  brownish  or  reddish  clay,  i» 
worked  in  Durlestone  bay  on  the  coast  of  the  Isle  of  Purbeck  : 
its  geological  position  is  between  the  Portland  and  Purbeck 
beds.  (Mr.  Webster,  G.  Notes.)  In  the  interstices  of  the 
limestone  the  strata  about  Peverel  point,  which  forms  the 
northern  extremity  of  Durlestone  bay,  are  found  crystals  of 
selenite  in  fibrous  marie  :  the  surface  of  this  marie  is  covered 
with  farinaceous  gypsum,  which  also  appears  in  an  indurated 
state,  forming  alternate  strata  with  limestone.  Pyrites  abounds 

*  The  following  Section  of  the  Purbeek  strata  are  by  Mr.  MiddleCon, 
(Monthly  Mag.  Dec.  1812,  p.  396.) 

1.  Various  beds  of  stone  brash,  black  shiver,  and  compact  rock, 
in  alternate  layers.  I'hese  are  supposed  to  rise  and  form 
the  surface  near  Handcross,  and  in  a  line  east  and  west  of 
that  place  in  Sussex,  and  also  from  Swanage  to  Durlstone 
bay,  m  Dorsetshire;  at  the  latter  place,  I  had  a  full  view 
of  them  in  the  cliiB,  and  estimated  the  thickness  of  them  at    80  feet 

8.  Learning  vein^  a  bed  of  very  penetrable  stone,  abounding  with 
small  shells,  raised  and  shipped  at  Swanage  and  Durlstone 
bay,  to  London,  for  flag  pavement 7 

3.  Stone  not  esteemed  of  any  value,  and  black  shiver  in  many 

beds 60 

4.  Freestone^  raised  and  shipped  at  Swanage  and  Durlstone  bay, 

for  London,  in  Purbeck  squares 5 

5.  Various  beds  of  stone,  in  low  estimation,  and  black  shiver. .     20 

8.  New  vetMy  a  bed  of  g^ood  and  free  working  stone,  raised  and 

shipped  at  Durlstone  bay  for  London  5 

As  the  strata  rise  toward  Tillywhim  quarry,  we  there 
meet  with 

9.  Many  beds  of  stone  in  low  estimation,  and  black  shiver  lying 

unaer  the  Netv  vein.  These  the  quarry  men  call  Rag-stone, 
and  they  are  in  thickness -about •••..... lOQ 
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in  the  latter,  and  hence  the  sulphuric  acid  concerned  in  the 
formation  of  the  seleoite  and  gypsum  seems  to  be  obtained. 
(Maton.  G.  Notes.) 

(c)  Organic  remains.  Beautiful  impressions  of  fish  are 
frequently  met  with  by  the  quarry  men  between  the  laminae  of 
the  limestone,  and  abundance  of  fragments  of  bones,  some  of 
which  belong  to  the  turtle.  Complete  fossil  turtles  have  also 
been  found,  and  one  extremely  perfect.     (W.  p.  163.) 

Mr.  Johnson  of  Bristol*  possesses  a  very  perfect  head  of  a 
crocodile  found  in  Purbeck  ;  but  the  character  of  the  matrix  is 
not  quite  decisive,  as  to  whether  it  belongs  to  these  or  the 
Portland  beds. 

The  shells  of  this  formation  have  not  been  accurately  ex- 
amined ;  the  most  common  is  a  small  and  elegant  species  of 
Vivipara,  supposed  to  be  a  freshwater  shell,  but  the  subject 
requires  further  investigation. 

(d)  Range  and  extent,  (e)  Height  of  hills.  These  subjects 
will,  for  the  reasons  primarily  stated,  be  treated  of  in  a  com* 
mon  article  with  reference  to  these  beds — those  of  Portland 
and  the  subjacent  Kimmeridge  clay. 

(f)  Thickness,  According  to  the  measurements  of  Mr. 
Middleton  (the  only  ones  published),  as  given  in  the  note  to 
(a),  the  thickness  of  these  beds  in  Purbeck  is  291  feet ;  the 
higher  numbers  that  have  been  sometimes  given,  arise  from 
taking  the  Portland  beds  into  the  account. 

(g)  IncUnatioH.  The  inclination  of  the  strata  of  the  three 
associated  formations,  will  be  most  conveniently  treated  of 
together  in  the  article  at  the  end  of  this  section. 

(A)     Agricultural  character*    A  marly  clay. 
(0     Water.     A  retentive  stratum  ;  the  wells  must  be  sunk 
through  it  to  th^  bottom  of  the  Portland  beds. 


2.    PORTLAND  OOLITE. 

(«tt)  Chemical  and  external  characters.  This  formation 
consists  of  several  beds  of  a  coarse  earthy  limestone.  The  dif- 
ferent beds  often  vary  in  their  characters,  nor  are  the  same 
beds  of  an  uniform  texture  in  different  localities.  The  cal- 
careous rocks,  through  all  the  three  divisions  of  the  oolite 
series  (where  they  do  not,  as  in  the  case  of  the  Purbeck  beds 
and  lias,  assume  new  features  from  the  admixture  of  argil)  are 
not  easily  to  be  distinguished  (excepting  by  the  aid  of  their 
organic  remains)  from  one  another,  though  very  readily  dis- 

*  The  remainder  of  this  article  is  by  the  Rev.W.  D.  Conybeare. 
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tiii||;Qishabie  from  those  of  other  formations.  The  character  of 
yellowish  white  calcareous  freestone,  generally  mixed  with  a 
small  quantity  of  siliceous  sand,  being  common  to  all  their 
Tarieties,  and  nearly  all  of  them  becoming  occasionally  oolitic. 
The  varieties  to  be  observed  in  the  Upper  series,  or  that  of 
Aylesbury  and  Portland,  are,  a  fine  grained  white  oolite,  a 
loose  granular  limestone  of  earthy  aspect  and  of  various  shades 
of  yellowish  grey ;  and  more  rarely  a  compact  cretaceous  lime- 
stone having  a  conchoidal  fracture.  In  Wiltshire  and  Dorset- 
shire, many .  of  the  beds  contain  layers  of  chert  alternating 
with  them  like  the  flints  in  the  chalk  formation ;  the  lower 
beds  are  very  sandy,  and  often  very  abundant  in  green  particles 
resembling  those  of  the  green  sand.  Nodular  concretions  of 
calcareo-siliceous  grit  occur  in  the  sandy  beds  in  Oxfordshire. 

The  more  oolitic  varieties  (principally  quarried  in  the  Isles 
of  Purbeck  and  Portland)  afford  the  great  part  of  the  stone 
used  for  architectural  purposes  in  the  vicinity  of  London. 

Mr.  Webster  gives  the  following  account  of  the  Portland 
quarries.  The  uppermost  beds  of  the  isle  of  Portland  consist 
of  an  oolitic  rock,  and  they  are  numerous.  That  which  appears 
on  the  summit,  and  is  called  the  Cap,  is  of  a  yellowish  colour, 
and  porcellaaous  character;  it  is  only  burnt  for  lime.  The 
next  bed  is  worked  for  sale,  being  the  best  building  stone. 
Those  below  this  bed  contain  numerous  casts  of  shells  that 
injure  the  stone,  which  is  only  used  for  coarser  purposes  ;  and 
with  these  beds  alternate  others  consisting  of  chert.  (W, 
p.  197.)* 

♦  A  more  detailed  account  of  the  several  quarries  in  the  Isle  of  Portland 
may  be  seen  in  the  Monthly  Magaadne  for  Jan.  181S,  p,  491,  whence  the 
two  following  Sections  are  copied. 

Stction  of  Way  croft  and  other  Quarries  on  the  Mast  tide  of  Portland, 

feet. 

1.  Vegetable  mould,  less  than 1 

2.  Stone  hrash^  a  cream-coloured  limestone 3 

3.  Parting  of  ditto  and  black-blue  clay 1 

4.  Ca^^  a  cream-coloured  stone  in  three  layers,  with  partings  of 

clay,  and  so  hard  as  to  turn  the  steel  points  of  chisels  and 
pick-axes 10 

5.  The  White  hed^  or  the  highest  layer  of  marketable  stone :  two 

feet  off  the  top  of  this  stratum  is  egg-shaped 5 

Parting,  abounding  with  grey  flint,  of  no  use 2 

6.  The  Middle  bed  of  marketable  stone,  containing  few  marine 

impressions,  and  occasionally  either  in  one  or  two  beds. ...       5 
Parting  stone,  containing  m^ny  shells,  of  no  value 2 

7.  The  third  bed  with  few  or  no  shells ;  tins  is  the  best  stone,  and 

it  Taries  in  thickness  in  the  several  quarries  from  .   ...  7  to  14 
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(bb)  Mineral  contents.  The  beds  at  Portland  and  Tisbnrjr 
contain  beautiful  yellow  sulphate  of  bary tes  (sugar  candy  stone) 
and  crystallized  calcareous  spar.     (G.  Notes.) 

In  the  next  quarry,  the  third  bed  (7)  is  in  two  layers ;  the  lower  of  these 
is  free  from  shells,  except  about  one  foot  of  its  top,  and  the  upper  one 
contains  very  few  shells. 

We  visitea  four  other  quarries  on  this  side  of  the  island ;  but  as  they  do 
not  differ  materially  from  the  above,  it  would  be  improper  to  repeat  my 
observations. 

Under  the  foregoioe  marketable  stone,  many  layers  of  flint  and  noser* 
viceable  stone,  to  the  depth  of  about  50  feet. 

On  the  east  side  of  Portland,  the  whole  thickness  of  the  stony  strata,  if 
about  98  feet,  and  beneath  that  is  black  blue  shiver  of  great  thickness. ' 

Sectiomi  of  Q^rrUs  on  tht  West  side  rfPwilatid, 

In  the  first  quarry  we  visited,  I  found  the  vegetable  mould,  the  stone 
brash,  smd  the  beds  of  hard  stone  cap,  similar  to  what  they  are  on  the 
east  side  of  the  island.  But  in  this  place  the  marketable  stone  is  about  1 1§ 
feet  thick,  in  one  bed ;  whereof  about  9^  feet  of  the  top  is  egg-shaped. 

In  the  adjoining  quarry  immediately  under  the  Cap  (4)  is  Roach  (a  mass 
of  fragments  of  oyster  shells  compressed  and  cemented  in  a  very  hard 
stone)  six  feet  thick,  upon  a  bed  of  the  best  Kdeable  stone  nine  feet  thick. 

The  third  quarry  is  similar  to  the  two  former,  down  to  the  Roach,  which 
in  this  case  is  five  feet  thick,  and  united  to  the  best  stone  without  any 
parting.  In  this  quarry  the  Roach  was  cut  into  blocks  and  sent  to  Mill^ 
bank,  Westminster,  for  building  the  abutment  of  Vauxhall  bridge.  And 
many  others  of  these  blocks  were  prepared  for  the  same  purpose,  but  they 
lemain  in  the  quarry  at  this  time.^  (Aug  1812.) 

In  the  fourth  quarry  the  Roach  is  m  the  same  state  as  in  the  third  quarry, 
but  reduced  to  three  teet  thick,  and  at  this  place  the  best  stone  is  1 1  feet. 

feet. 
In  Gosling's  quarry,  the  stone  brash  and  two  beds  of  the  Cap, 

are  increascxl  in  thickness  to 20 

Jtoaek  in  one  bed  4  feet,  and  two  other  feet  of  it  are  united 

to  the  top  of  the  IVkHe  M,  together..; .       6 

5.  White  btd^  a  marketable  stone,  exclusive  of  the  two  feet  of 

Roach  which  are  united  to  it , 8 

Many  layers  of  flint  and  stony  rubbish,  including  one  bed  of 
a  white  tender  stone,  which  is  not  fit  for  ereat  exposure  . .       6 

6.  Two  other  beds  of  Roach  in  the  place  of  the  middle  bed  of 

saleable  stone 6 

7.  The  Thitdbed  (7)  of  saleable  stone,  contrary  to  the  usual  order, 

is  not  near  such  good  stone  as  the  Wnite  bed  (5)  in  this 

quarry 6 

The  above  marketable  and  other  stone  lies  upon  many  layers 
of  flints,  and  beds  of  unserviceable  stone  to  the  aeptn  of 
about ^ 55  or  60 

The  whole  of  the  stony  strata  in  this  place  is  about     IIS 

And  under  that  is  black  blue  shiver  several  hundred  feet  thick,  whereof 
there  are  about  100  feet  above  the  level  of  the  sea. 

Middleton,  Mo.  Mag.  Jan.  I8I3,  p.  481. 
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(cc)     (hgdnic  rethaing,  ♦     (The  references  to  figures  where 
not  otherwise  specified,  are  to  Sowerfoy's  Mineral  conchologj.) 

♦  By  the  Rev.  W,  D.  Conybeare. 


A  section  of  a  more  descriptive  character,  drawn  up  by  Miss  Bennett 
from  the  quarries  excavated  in  this  formation  at  Chicksgrove,  in  the  vale  of 
Tisbury,  Wilts,  is  printed  in  Sowerby's  ?4ineral  Concholoey,  vol  2.  p  58; 
we  here  subjoin  it,  presumiiig  that  tne  beds  here  called  chalk  are  the  cre- 
taceous limestones  mentioned  in  the  text. 

A  Section  of  Chiclsgrove  Qjuarryy   South  of  the  vUlage  and  of  the  river ^  in  the 
parish  of  Tisbury^  in  IViltshire* 

1.  Top  of  quarry.  Rubble,  fourteen  feet.  No  shells  in  this  bed.  (Impure 
chalk.) 

S.  Stone  not  good,  two  feet.  The  lower  part  of  this  bed  contains  the 
same  shells  as  the  chalk  below  it. 

S.  Chalk,  two  feet.  Trigonias  three  species;  Pectens  like  those  of  Thame, 
Oxfordshire;  Ostrea  several  species;  a  thick  equivalve;  bivalve 
which  is  common  in  the  rubble  beds  of  freestone ;  a  small  bivalve, 
perhaps  Unio ;  two  other  small  bivalves,  and  a  Trochus  like  those 
of  the  flinty  chal  k.     (  Hard  chalk. ) 

4.  Flint,  four  inches.    (Approaching  chert.) 

5.  Chalk,  eleven  feet.    A  rubbly  chalk  without  shells.    (Hard  chalk.) 

6.  Spangle  bed,  five  feet  six  inches.    Contains  Amm(mites,  Oysters,  and 

various  other  shells  changed  into  the  spar.     (Limestone  containing 
some  white,  but  no  green  sand.) 

7.  Walling  Rag,  two  feet  six  inches.    Fragments  of  shells  changed  into 

spar.     (Like  No.  6,  only  coarser  and  harder. ) 

8.  Devil's  bed,  two  feec.    Fragments  of  shells  changed  into  spar,  smaller 

shells  than  the  Walling  Rae.    (Like  No.  6.) 

9.  Great  Rag,  three  feet.    No  sliells,  or  only  small  fragments.    (A  com- 

pact sandy  limestone,  with  minute  grains  of  green  sand.) 

10.  Brown  bed,  three  feet.    Contains  Ammonites.     ((>ess  compact  than 

the  last,  with  more  green  sand,  some  parts  of  a  loose  texture.) 

1 1.  Trough  stone,  three  feet  four  inches.     Trigonias,  the  shell  changed  in- 

to spar,  and  Ammonites.     (Similar  to  some  parts  of  the  last.) 

12.  White  bed,  two  feet  eight  inches.    Contains  Ammonites.    (Between 

10  and  13.) 

13.  Hard  bed,  three  feet  six  inches.  Trigonias,  the  shell  changed  into  spar, 

and  Ammonites.    This  bed  is  very  like  No.  1 1.     (Rather  less  green 
sand  than  No.  10.) 

14.  Fretting  stone,  two  feet.    A  soft  stone  and  no  shells.    (A  loose  sandy 

limestone  with  green  sand  ) 

15.  Under  bed,  two  feet.    Fragments  of  shells  changed  into  spar.    (More 

compact  and  finer  grained  than  the  last,  and  holding  less  green 
sand.) 

16.  Under  bed,  two  feet  six  inches.    Contains  Trigonias,  the  cast  of  the 

outside  of  the  shell  a  soft  stone.    (Like  the  last,  except  that  it  con- 
tains no  spar.) 

The  whole  depth  of  Chickssfrove  Quarry  to  the  bottom  of  the  stone  is 
61  feet  four  inches,  measured  by  John  Montague,  foreman  of  the  quarry. 
The  scales  of  fish,  erroneously  supposed  to  have  been  found  in  this 
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We  believe  that  remains  df  fish  are  oooasionallj  met  with  in 
this  formation  as  well  as  in  the  preceding. 

The  shells  which  occur  are  principally  the  following : 

Chambered  Uniyalyes. 

Ammonites  triplicatus,  T.  9^,  fig.  2. 
giganteus.     T.  120. 
Lamberti.     T.  242. 
Nutfieldiensis.     T.  107. 

Uniyalyes  not  chambered. 

Turritella;  Smith,  ^g.  2. 
Naiica;  Smith,  fig.  I. 
Solarium  Conoid eum.     T.  11.  m. 
Trochus, 

Ostrea  expansa.     T.  238. 
Crenatula;  Parkinson,  plate  15.  &g*  5. 
Pecten  lamellosus.     T.  230. 
Trigonia  clavellata,     T.  87.  u. 
gibbosa.     T.  235.  236. 
Jstarte  cuneata.     T.  137,  fig.  2. 
Lutraria  ovalis.     T.  226. 
Nerita  sinuosa.     T.  217,  fig.  2. 
Unto, 
Cardita. 

C^clas;  Smith,  ^g.  3. 
Venus;  Smith,  fig.  5. 

Of  these  shells,  the  Ammonites  triplicatus  and  Pecten  la-^ 
mellosus  are  most  characteristic.  In  the  section  of  Chicksgrove 
quarry  (see  page  175),  other  particulars  concerning  the  shells 
of  this  formation  will  be  found. 

No  other  Zoophytal  remains  are  mentioned  than  those  of  a 
beautiful  aggregated  madrepore,  specimens  of  which,  imbedded 
in  a  semitransparent  chert,  occur  at  Tisbury  in  Wilts. 

Large  fragments  of  wood  are  common. 

quarry,  were  from  a  tile-«tone  quarry  on  Lad^-Down,  in  the  parish  of 
*ri8bury,  and  about  one  mile  north-west  from  Chicksgrove  quarry. 

The  above  are  the  names  by  which  the  different  beds  are  known  by  the 
people  who  work  the  quarry. 

Most  of  the  stone  contains  calcareous  spar,  in  the  place  of  the  fragments 
of  shells  dispersed  through  it,  but  No.  14  and  16  are  virithout  it ;  the  span^ 
gle  bed  contains  most.  The  rare  stratum  called  by  geologists  '  White  free- 
stone,'  and  here  called  chalk,  but  from  which  it  differs  in  its  situation, 
occurs  also  at  Brill  in  Buckinghamshire,  and  at  Upway  in  Dorsetshire. 

The  sections  presented  at  Brill  hill  iu  Buckinghamshire  exhibit  a  re- 
markable coincidence  witli  the  above. 
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(cfcf)  Range  and  extent,  (ee)  Height  of  HiUs.  Heferted 
to  the  general  article  at  the  end  of  this  section. 

(Jf)  Thickness,  According  to  Mr.  Middteton's  measure* 
ments,  these  beds,  in  the  Isle  of  Purbeck,  exhibit  altogether 
a  thickness  of  about  1%  feet;  and  this  appears  the  estimate  on 
which  the  greatest  reliance  bay  be  placed. 

iSS)  inclination.  Referred  to  the  general  article  at  the 
end  of  this  section. 

(hh)     Agricultural  character.    A  poor  stone-brash  soil. 

(H)  Water.  The  water  issues  abundantly  from  the  bottom 
of  this  rock,  where  it  is  thrown  out  by  the  subjacent  Kim- 
meridge  clay. 


3.    KIMMERIDGE  CLAY- 

(aaa)  Chemical  and  external  characters*  These  beds  con« 
sist  of  a  blue  slaty  or  greyish  yellow  clay  (the  Oaktree  clay  of 
Smith,)  containing  selenite  ;  but  it  sometime^  contains  beds  of 
highly  bituminous  shale,  as  near  Kimmeridge  on  the  coast 
of  the  Isle  of  Purbeck,  where  these  are  used  as  fuel,  whence 
they  have  obtained  the  name  of  Kimmeridge  coal ;  and  hence 
the  name  of  Kimmeridge  clay  as  applied  to  the  whole  formation. 
The  beds  are  most  instructively  displayed  (G.  Map)  near  that 
place.  They  are  also  finely  exposed  (G.  Notes)  on  the  coast 
of  the  Isle  of  Portland. 

On  the  east  of  little  Kimmeridge,  where  the  cliffs  are  ab- 
rupt, they  are  composed  of  a  slate-clay  of  a  greyish  yellow 
colour,  finely  slaty,  containing  both  animal  and  vegetable  im- 
pressions. The  plates  of  which  the  rock  is  composed,  become 
much  more  evident  after  it  has  undergone  some  decay;  or^ 
when  sound,  after  it  has  been  exposed  to  the  fire.  It  divides 
spontaneously  into  large  tabular  masses.  The  fracture  of  the 
rock  is  earthy,  with  many  small  specks  and  nodules  of  indu- 
rated clay.  The  outside  of  the  rock  is  covered  by  a  thin  layer 
of  calcareous  spar.  The  mass  effervesces  with  acids,  but  the 
nodules  of  indurated  clay  do  not.  This  rock  passes  gradually 
into  a  bituminous  shale ;  but  the  first  transition  is  into  a  slate-' 
clay  of  a  lighter  or  darker  colour,  the  joints  of  which  are 
covered  with  iron  pyrites.  It  bums  with  a  yellowish  flame^ 
giving  out  a  sulphureous  smell,  and  becomes  afterwards  of  a 
light  grey  colour.  The  second  transition  is  to  a  bituminous 
shale  called  5^oiiy  Coal   {^Kimmeridge  Coal*"]   the  specific 

*  Near  Smedmore  in  the  parish  of  Great  Kimmeridge,  is  found  what  the 
country-people  call '  Coal-^none^^  generally  on  the  top  of  the  cliffs,  two  or 
three  fe^t  below  the  surface,  enclosed  between  two  stones  set  edgeways 

Z 


Digitized  by 


Google 


178  BookIL    Chap.  III.    OolHicteriei. 

gtvntj  of  which  it  1.319.  Its  colour  is  dark  brown  withdut 
any  lustre :  it  effervesces  slightly  with  acids,  contains  no  iroil 
pyrites,  and  bums  readily  with  a  yellowish  rather  smoky  and 
heavy  flame.  The  smell  is  bituminous  but  not  sulphureous. 
The  Kimmeridge  coal,  however,  rests  upon,  and  is  covered  by^ 
the  slate-clay  first  described,    (6.  T»  vol.  i.  p.  S6S.) 

Several  useless  attempts  have  been  made  for  coal,  by  nnking 
into  the  stratum,  as  at  Sunning  Well  near  Oxford  ;  on  the  edg« 
of  Bagley  wood  near  Farringdon  in  Berkshire :  near  Whiting's 
£sfm,  between  Shi^tesbury  and  Hargrove  in  Dorsetshire  they 
sunk  by  subscription  upwards  of  100  feet  in  search  of  cold 
through  shale  and  clay.     (6.  Notes.) 

It  has  sometimes  been  erroneously  supposed  that  these  beds 
were  the  same  with  the  aluminous  shale  of  Whitby  in  York- 
shire (G.  Notes))  which  belong  to  the  lias  beds. 

(bbb)  Mineral  contents.  These  beds  furnish  the  selenites 
of  Oxfordshire,  which  are  daily  formed  by  the  action  of  die- 
composing  pyrites  upon  the  oyster  shells  and  other  fossils  con- 
tainied  in  them.    ^G.  Notes.) 

Alum  was  formerly  manufactured  in  the  parish  of  Kim<> 
ilaeridge.  (Wilson's  Mountains.  G.  Notes.) 
•  (ccc)  Organic  remains.*  The  most  interesting  remains  con- 
temned ih  this  stratum  are  doubtless  those  of  the  extinct  genera 
allied  to  the  order  Lacerta,  but  evidently  calculated  foi*  a 
i^arine  abode;  the  vertebrae,  paddles,  &c.  of  a  species  of 
Icthyosaurus  differing  from  those  in  the  lias;  the  vertebrae, 
phalanges,  and  head  of  another  Saurian  animal,  perhaps  a 
Variety  of  Plesiosaurus,  have  been  found  at  Kimmeridge  and 
Headhigton ;  bones,  apparently  of  Cetacea,  likewise  occur. 

The  shells  are  given  according  to  Smith  and  Sowerby. 

Chambered  Univalves. 
NatUilus. 

Ammonites  J  five  species  ;  Smith,  fig.  7. 
BelemnUes^ 

jaud  covered  with  a  third*  together  with  the  bones  of  some  animaL  Ihfij 
are  from  two  to  three  and  a  half  inches  in  diameter,  and  a  quarter  of  an 
lAch  thick,  round,  on  one  side  flat  and  plain,  on  the  other  convex  With 
-  mouldings.  '  On  the  fiat  side  are  two,  sometimes  four,  small  round  holes, 
pediaps  the  centre  h<^es  by  which  they  were  fixed  to  the  tumingupress : 
they  are  supposed  to  have  oeen  either  amulets  or  money*  In  support  of 
tne  latter  opmion,  it  may  be  observed,  that  *•  down  with  your  coal ,  is  in 
some  counties  a  cant  expression  for  pay  your  money.  (G.  Notes.)  There 
has  also  been  found  in  the  neighbourhood  a  shallow  bowl  of  Kimmeridjre 
coal,  six  inches  high  and  as  many  in  diameter,  containing  coal-money. 
(Htttehings  Hist.  Dorset.  G.  Notes*) 

♦  The  remainder  of  this  article  is  by  the  Rev.  W.  D.  Conybetre. 
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UmTlLTES  NOT  CHAMBSRED* 

Troehttsi  Smith,  fig.  3.  , 

Turbo ;  Smith,  fig.  %. 

Melania  Headingtoniensis.     T.  39. 

BiTALTES. 

Oitf^a  deltoidea.     T.  148. 

crista  galli,  and  three  other  species. 
jl#larfo  lineata.     T.  179. 

ovata;  Smith. 
Trigoma  costata.     T. 

ckTeihita.     T. 
Vetm$i  Smith,  fig.  8. 
Modioia. 
CarMa. 

Cardmmm  * 

Mactra. 
TeUina. 

ChamOy  two  species;  Smith,  ^g.% 
jivieuia,  .  i 

Pecien. 
Terebraiula;  Smith,  fig.  9. 

Serpulm. 

I.  —  I.  i  _ 

Of  these  shells,  the  Ostrea  deltoidea  appears  to  be  the  most 
leharacteristic. 

{ddd)  Range  and  extent  (eee)  Height  of 'hills.  Referred 
to  the  general  article  at  the  end. 

(ffO  Thickness.  Mr.  Middleton  assigns  upwards  of  706 
feet  as  the  thickness  of  this  formation  in  the  Isle  of  Purbec^ 
but  this  seems  excessive.  Mr.  Buckland,  in  his  '  Order  ojf 
Superposition',  gives  onlj  600.  Near  Oxford,  where  the  bed^s 
thin  off,  the  thickness  cannot  exceed  100  feet.  In  the  pit  at 
SunningwcU,  on  the  porth  edge  of  Baglej  wood,  it  was  onljr 
70  feet. 

(ggg)     Inc^nation.     Referred  to  the  general  article.  ' 

(fihh)  Agricultural  character,  A  tenaceous  clay  often  co-* 
Yered  with  oak  woods ;  whence,  in  Wiltshire,  this  formation 
has  been  called  th?  Oaktree  clay. 

(m)  Water.  <  The  water,'  says  Mr.  Smith,  <  in  this  toU 
matipi^i^  is  4eficiejat  apd  of  bad  quality" ;  in  fact,  f roii^  i!s 
retenjtiv^  jnatmre^  it  mvst  generally  be  pierced  before  a^iy 
copious  supply  can  b#  found* 
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General  account  qf  Range  and  Extent,  Height  of  Hills 
and  Inclination  of  Strata  afthe  Pur  beck  Bedsy  Portland 
Beds,  and  Kimmeridge  Clay.  * 

(iQ  Range  and  extent  of  the  three  formations  above  de* 
scribed.  None  of  these  formations  have  as  yet  been  obseired 
to  the  north  of  Buckinghamshire,  where  the  Portland  beds 
first  make  their  appearance  underlying  the  iron  sand,  (whose 
course  through  that  county  has  been  traced  in  a  preceding 
article,)  and  forming  a  constituent  part  of  the  same  chain  of 
hills.  It  may  thus  be  traced  from  a  mile  north  of  Stukeley,  a 
Tillage  about  five  miles  on  the  west  of  Leighton  Buzzard,  Bed- 
fordshire, to  the  bills  between  Winslow  and  Aylesbury,  and 
dipping  thence  to  the  south,  it  underlies  a  great  part  of  the 
rale  of  Aylesbury.  Further  west,  on  the  borders  of  Oxon  and 
Bucks,  it  rises  from  Thame,  and  culminates  on  the  insulated 
group  of  Brill  hills,  where  it  has  only  a  very  thin  covering  of 
iron  sand.  The  section  here  displayed  corresponds  very  pre- 
cisely with  that  of  Chicksgrove  as  given  in  the  jiote  to  page  17S. 
The  quantity  of  green  earth  in  the  lowest  sandy  strata  is  here 
very  remarkable.  Pursuing  the  same  direction  trough  Oxford- 
shire, to  the  south-west,  it  may  be  traced  through  the  parishes 
of  Milton  and  Hazely  on  the  south-east  of  the  Thame ;  and 
rising  thence  to  the  north-west,  culminates  in  Shotov^r,  eir- 
<;ling  round  the  more  elevated  ridge  of  that  hill,  immediately 
|>eneath  the  iron  sand  and  ochre  which  form  its  summit :  it  is 
here  however  quarried  in  the  village  of  Garsington  only.  It 
exhibits,  round  the  slope  of  this  ridge,  inferior  sandy  beds,  some 
of  which  are  very  full  of  particles  of  green  earth ;  while  the 
lowest  contain  those  large  nodules  of  calcareo-siliceous  grit, 
which  from  their  size  and  grotesque  appearance  will  attract 
the  notice  of  every  one  who  ascends  Shotover  in  following  the 
old  London  road. 

At  the  foot  of  the  high  ridge  of  Shotover,  the  Kimmeridge 
clay  makes  (as  far  as  has  been  traced)  its  first  appearance  in 
the  village  of  Headinglon,  where  it  is  seen  in  many  of  the 
quarries  overlying  the  oolites  of  the  next  division.  In  its  pre- 
vious course  through  Bucks,  the  Portland  beds  seem  to  rest 
immediately  on  the  Oxford  clay  (both  the  J^immeridge  clay 
and  the  coral  rag  being  wanting.) 

On  the  Berkshire  side  of  the  valley  of  Oxford,  the  Kiip^" 

meridge  clay  may  be  traced  on  the  hills  answering  to  Shotover, 

in  the  pit  sunk  by  Sir  George  Bowyer  in  a  fruitless  search  for 

coal  near  the  northern  edge  of  Bagley  wood ;  but  the  strata 

•  By  the  Rev,  W,  D,  Conybeare.* 
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thin  off  in  this  direction,  the  Portland  beds  are  no' longer  to 
be  seen,  and  the  clay  itself  soon  terminates,  the  iron  sand 
OTerlying  its  outgoing  and  coming  into  contact  with  the  sub- 
jacent coral  rag  belonging  to  the  next  division. 

Immediately  on  the  south  of  Abingdon  the  Kimmeridge  clay 
pursues  its  course  westwards  through  the  vale  of  Berkshire, 
following  the  line  of  the  Berks  and  Wilts  canal  as  far  as  Wotton 
Basset,  where  it  turns  more  to  the  south,  aiid  ranges  on  the 
east  of  Calne  and  of  Seend,*  reposing  all  the  way  on  the  inner 
edge  of  the  coral  rag.  Near  Seend,  the  chalk  and  subjacent 
green  sand  overlie  and  conceal  it,  advancing  in  a  sort  of  pro- 
jecting cape  even  into  the  district  of  the  great  oolite.  In  the 
interval  above  mentioned  (from  Abingdon  to  Seend)  the  Port- 
land beds,  reposing  on  the  Kimmeridge  clay,  are  only  seen  at 
one  point;  namely,  at  Swindon,  where  they  are  extensively 
quarried  :  elsewhere  they  are  either  concealed  by  the  alluvial 
debris  scattered  over  this  valley,  or  have  their  basset  edge 
overlaid  and  hidden  by  the  superior  strata. 

On  the  south  of  the  projecting  cape  of  chalk  and  green  sand 
before  mentioned,  which  extends  from  Seend  to  Stourhead,  a 
wide  valley,  opening  in  the  ranges  of  these  formations  between 
Stourhead  and  Shaftesbury,  again  exposes  the  subjacent  strata. 
This  denudation,  which  extends  on  the  east  nearly  to  Wilton 
(being  traversed  by  the  river  Nadder  and  occupying  the  vale 
of  that  name,  also  known  by  that  of  the  Vale  of  Wardour)  is 
skirted  by  an  escarpment  of  green  sand,  ranging^  from  Mere  by 
Chilmark  towards  Wilton  on  the  north,  and  along  the  right  bank 
of  the  Nadder  on  the  south.  The  iron  sand  being  here  wanting, 
the  green  sand  reposes  towards  the  south  of  Chilmark,  on  a  zone 
of  argilleo-calcareous  beds  belonging  to  the  Purbeck  series 
(which  we  here  notice  for  the  first  time)  ranging  thence  to 
Lady  down.  The  thin  slabs  of  this  formation  are  here  raised 
for  tile  stones.  Within  this  zone,  the  subjacent  strata  of  the 
Portland  series  occupy  the  interior  of  the  denudation,  being 
extensively  quarried  at  Fonthill,  Tisbury,  and  Chicksgrove. 
On  the  west  of  Fonthill  (along  what  may  be  termed  the  mouth 
of  this  denudation)  a  clay  appears  beneath  these  beds  (pro- 
bably that  of  Kimmeridge,  although  coloured  in  the  Geological 
Map  as  the  Oxford  clay.) 

Much  disturbance  seems  to  have  been  experienced  by  the 
strata  within  this  denudation ;  since,  although  nearly  horizontal 
at  Chicksgrove,  yet  at  Chilmark,  Fonthill,  and  Tisbury,  they 
are  inclined  nearly  40  degres,  dipping  towards  the  north  and 
east. 

*  'Mr.  Greenough*8  Map  represents  its  course  accurately  as  far  -aa  Calne, 
i9ut  errs  in  terminating  it  abruptly  at  that  point. 
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Thfough  the  north  of  Dorsetshire,  the  contiiiiiatioii  of  these 
formations  is  concealed  by  the  prejection  trestwands  of  the  Ttit 
OTerlying  platforms  of  chalk  imd  green  sand  extending  orer 
their  basset  edges.  Beyond  the  escarpment  of  the  chalk  to* 
vtfrds  the  southern  coast  of  that  conntj,  however,  we  again 
meet  with  them  under  the  following  circumstances. 

Ist.  Near  Upway,  on  the  road  from  Dorchester  to  Wey« 
mouth,  a  zone  of  the  Purheck  beds  may  be  observed  for 
some  distance  immediately  beneath  the  escarpment  of  the 
chalk ;  they  are  here  however  very  imperfectly  exhibited  | 
but  they  may,  nevertheless,  be  obscurely  traced  to  the  pcmit 
where  the  chalk  hills  meet  the  coast,  six  miles  east  of  Wey« 
mouth ;  where  we  shall  presently  return  to  them. 

The  country  intermediate  between  Upway  and  Weymoutii 
exhibits  what  is  geologically  termed  a  Saddle  of  the  two  inferior 
division  of  oolites ;  presenting  in  succession,  on  either  side  of 
a  central  point  hetween  these  two  places,  the  coral  rag,  Oxford 
clay,  and  forest  marble,  dipping  on  either  side  from  this  cen* 
tral  point. 

On  the  southern  flank  of  this  saddle,  close  to  the  passage 
from  Weymouth  to  Portland,  the  Kimmeridge  day  may  be 
seen  resting  against  the  coral  rag. 

The  Kimmeridge  clay  also  forms  the  Substratum  of  the  whole 
Isle  of  Portland,  ahd  rises  high  on  its  northern  face,  where  it 
if  capped  by  an  abmpt  escarpment  of  the  superior  oolitic  bedsA 
All  the  strata  sensibly  decline,  thoi^  not  under  a  very  rapid 
nogle,  to  the  south ;  thus  giving  the  profile  of  the  island,  as 
seen  either  from  the  east  or  west,  that  appearance  of  an  insu* 
lated  inclined  plane  which  at  once  distinguishes  it  from  the 
other  headlands.  This  declination  brings  the  Hue  of  junction 
between  the  Kimmeridge  clay  and  oolite  to  the  level  of  the 
sea,  near  the  south  extremity  of  the  island,  which  is  formed  by 
low  calcareous  cliffs,  worked  by  the  action  of  the  sea  into 
numerous  caverns,  seme  of  which  communtcate  with  funnel* 
shaped  craters  on  the  st^rface  of  the  island,  through  which  the 
waves  may  be  seen  boiling  within  the  narrow  limits  in  which 
they  are  pent.  All  the  coasts  of  this  island  are  steep,  the  base 
of  Kimmeridge  clay  forming  a  sloping  talus  surmounted  by 
crags  of  the  oolite,  scarred  by  numerous  quarries.  Near  Bow 
and  Atrovr  castle  b  a  remariLable  rocky  de€le  on  the  top  of  the 
cliffs,  imitating  in  miniature  one  of  the  Derbyshire  dales. 

%  ,We  have  now  (returning  to  the  coast  where  the  chalk 
hilb  tneet  ft  east  of  Weymouth)  to  trace  the  formations  which 
constitute  the  subject  of  this  section  through  the  Isle  of  Pur* 
beck.  The  inclined  position  of  the  strata  occupying  the  dis<^ 
trict  thus  denominated,  and  Ae  deeply  excavated  cftves  which 
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foimso  remarkable  a  featnte  near  Hs  western  extreinity^  hAve 
Wen  already  descrilMd,  (see  the  Chapter  en  Chalk,  p.  IIO^ 
and  that  on  Green  sand  and  Iron  sand,  p.  160).  We  there 
obserred  that  the  Portland  beds,  dipping  inland  in  an  angle  of 
from  45  to  60  degrees,  fetrmed  the  exterior  barriers  and  capes 
at  the  mouth  of  these  cores,  while  the  vertical  strata  of  the 
loftj  chalk  dawns  ranged  along  their  bottom ;  their  sides  ex- 
hibiting in  section  all  the  intermediate  formations.  The  repre-^ 
sensation  beneath  will  convey  a  suffieiently  accurate  idea  of  the 


«.  Chalk,    b.  Chalk  marie,    c*  Green  sand%    d.  Blue  marie. 
e.  Iron  tandb   /.  Purbeck  beds,    g,  Portland  beds. 

appearances  which  prevail  in  all  of  them.  The  more  solid 
masses  of  the  Portland  rock,  having  resisted  most  strongly  the 
action  of  the  destnoying  causes  which  appear  to  have  excavated 
these  coves,  often  form  a  reef  of  rocks  In  front  of  them.;  in 
one  instance  a  projecting  crag  of  it  has  been  worn  into  a^  re- 
markable arch  through  which  a  boat  can  pass ;  this  is  called 
the  Barn-door. 

.  While  the  convulsions  which  have  here  acted  on  thse  strata, 
have  raised  the  solid  beds  of  Portland  rock  in  masSy  in  regular 
inclined  planes,  the  softer  superincumbent  argillaceous  beds 
have  been  bent  by  the  lateral  pressure  (to  which  they  have 
ipore  readily  yielded)  into,  many  singular  contortions,  exactly 
similar  to  those  which  have  formed  the  subject  of  so  many 
observations  and  so  much  theory  in  the  transition  slate  dis- 
tricts. It  may  indeed  be  stated  as  a  general  fact,  that  when  in 
a  series  of  inclined  strata,  solid,  thick,  and  compact  beds  of 
stone  are  found  associated  with  thin  argillaceous  and  yielding^ 
beds,  the  former,  however  elevated,  usually  present  regular 
planes  of  stratification ;  while  the  latter  are  bent  and  twisted^ 
into  the  most  irregular  curves.  It  is  scarcely  possible  to  con- 
ceive a,  stronger  proof  that  this  disposition  is  not  the  result  of 
original  formation,  but  of  subsequent  mechanical  violence. 
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Lnlworth  Cove  is  the  most  remarkable  of  these  smgola^ 
bajs,  the  names  of  the  others  will  be  found  in  the  pages  before 
referred  to.   . 

From  the  east  of  Worthbarrow,  the  last  of  these  coves  in 
that  direction,  the  Purbeck  and  Portland  beds  form  a  ridge  of 
hills  extending  longitudinally  from  west  to  i&ast  across  the  Isle 
of  Portland,  ranging  parallel  to  the  vertical  chalk  ridge,  (from 
which  thej  are  separated  by  a  valley  occupied  by  the  inter*, 
mediate  sands),  about  a  quarter  of.  a  mile  broad  at  the  west,, 
and  a  mile  at  the  east  end  near  Swanage ;  the  strata  being  here 
thicker  and  also  less  inclined,  and  therefore  filling  a  greater 
space.  A  section  of  the  cli£fs  formed  by  the  termination  of  the 
ridge  in  this  direction,  is  seen  in  the  Plate  of  Sections,  fig.  5, 
extending  to  Durlstone  head.  The  Portland  beds  occupy  all 
the  southern  coast  of  Purbeck,  with  the  exception  of  an  inter- 
val of  about  five  miles  from  St.  Adhelm's  head  to  Kimmeridge 
bay ;  where  the  Kimmeridge  clay  emerges  from  beneath  them, 
and  forms  the  cliffs  already  described  in  treating  of  the  chemi- 
cal and  external  characters  of  that  formation. 

For  a  further  description  of  this  very  interesting  district,  we 
refer  the  reader  to  Mr.  Webster's  most  excellent  letters  in  Sir 
Henry  Englefield's  Description  of  the  Isle  of  Wight..  The 
personal  observations  of  the  present  writer  may  serre  as  a  fur- 
ther confirmation  of  their  perfect  accuracy. 

The  argillaceo-calcareous  beds  underlying  the  iron  sand  at 
Sandown  bay  in  the  Isle  of  Wight,  mentioned  before  in  page 
157,  and  those  underlying  the  iron  sand  of  the  Weald  in  Sus- 
sex (see  page  148)^  must  probably  be  referred  to  a  part  of  the 
Purbeck  series. 


(e)  Height  of  hills.  Brill  hill  on  the  borders  of  Bucking- 
hamshire and  Oxfordshire,  exhibits  probably  the  highest  point 
attained  by  any  of  these  formations ;  the  Portland  beds  are 
there  near  the  summit,  which  has  only  a  very  thin  cap  of  iron 
sand.  In  Shotover  hill,  where  the  cap  of  iron  sand  is  thicker, 
they  range  about  50  feet  below  the  summit,  which  is  559  feet 
above  the  sea.  In  Berkshire  and  North  Wilts,  they  are  con- 
fined to  low  ground ;  in  the  denudation  of  the  valley  of  the 
Nadder,  however,  the  surface  is  raised,  and  the  Purbf^ck  beds 
there  acquire  some  elevation  at  Lady  Down.  Near  Upway  in 
Dorsetshire,  they  are  near  the  foot  of  the  chalk  est-arpment, 
but  still  at  some  height  above  the  sea.  The  height  of  the  Isle 
of  Portland  is  about  300  feet ;  and  that  of  the  ridge  of  Pur- 
beck and  Portland  stone,  traversing  the  Isle  of  Thanet,  about 
the  same. 
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(0  IndituUkm.  Through  Buckinghamfifaire,  Oxfordshire, 
Berkshire,  and  North  Wilts,  these  beds  are  nearly  horizoata), 
dipping  in  an  almost  inappreciable  angle  sonth-south-east.  In 
the  denudation  of  the  vale  of  Nadder,  as  has  been  observed, 
they  are  elevated  sometimes  to  an  angle  of  45*' ;  at  Upway  and 
Portland  they  decline  in  opposite  directions,  forming  a  portion 
of  what  may  be  termed  the  Weymouth  saddle  (see  p.  102) ;  and 
in  Purbeck  they  form  a  part  of  the  system  of  highly  inclined 
Strata  constituting  that  district. 

The  remarkable  contortions  of  the  Purbeck  beds  have  been 
mentioned  in  the  preceding  article  :  they  are  accurately  repre- 
sented in  the  plates  of  Sir  H.  Englefield's  Isle  of  Wight. 

Although  these  formations  do  not,  when  examined  in  any 
particular  spot,  exhibit  any  want  of  conformity  with  one 
another,  it  is  evident  that  they  cannot  be  considered  as  strictly 
conformable  throughout;  since  in  Buckinghamshire  we  find 
the  Kimmeridge  clay  absent,  and  the  Portland  beds  reposing 
on  the  Oxford  clay.  %  The  superior  strata  of  the  sands  anj 
chalk  exhibit  a  like  want  of  conformity  with  regard  to  these, 
since  they  overlie  their  l)asset  edges  completely  in  the  north- 
eastern counties,  and  in  several  instances  in  the  south-western. 

Section  III. 

Middle  division  of  Oolites. 

Synonymes.^^The  Superior  OolitCy  Oxford  Oolite^  or 
Pisolite  of  other  authors^  is  subordinate  to  this  fbr^ 
mation;  as  are  also  the  Calcareous  grit  and  sandy  stratm^ 
which  form  the  lowest  beds. 

I.    CORAL  RAG.» 

(a)  Chemical  and  external  charactersA  This  formation, 
comprises  a  series  of  beds  occupying  a  thickness  of  from  one  to 
two  hundred  feet ;  in  the  upper  part  of  which,  cmitaining  the 
oolite,  the  calcareous  matter ;  and  in  the  lower,  the  siliceous 
prevails.  The  coral  rag  (properly  so  called),  which  as  character- 

\  Mr.  Smith  has  inaccurately  represented  the  Kimmeridge  clay  (his  Oak: 
trteelay)  as  here  intervening,  since  the  gryphaea  dilatata  and  other  charac- 
teristic shells  of  the  Oxford  clay  may  b^  traced  up  to  the  very  junction 
with  the  Aylesbury  lime  at  Waddesdon  hill,  Bucks. 
♦  By  the  Rev.  W.  D.  Conybeare. 

f  We  have  confined  ourselves  to  the  characters  of  this  formation  in  th^ 
Midland  and  South-western  counties,  entertaining  doubts  as  to  the  pro- 
priety of  referring  to  it  the  Yorki^e  district  lo  allotted  in  Mr.  Greenough*t 
Map. 

2  A. 
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ising,  gives  name  "to  the  whole  formation^  occurs  principally 
towards  the  middle  of  the  series.  Such  at  least  is  the  dis* 
position  of  the  beds  near  Oxford,  where  they  have  been  most 
attentively  examined ;  and  in  Wiltshire  (where  the  confused 
account  of  Mr..Townshend  indicates  the  reverse)^  it  has  been 
ascertained  that  the  same  order  prevails. 

The  general  relations  of  the  fossils  in  these  beds,  and  their 
association,  as  constituting  a  single  and  well  marked  range  of 
hills  between  the  vallies  of  the  Kimmeridge  and  Oxfo)rd  clay, 
are  sufficient  to  indicate  the  propriety  of  considering  them  as  a 
single  formation. 

We  proceed  briefly  to  state  the  character  of  the  various 
constituent  beds  of  this  formation. 

The  Upper  calcareous  beds  are ; — a  calcareous  freestone  of 
tolerably  close  texture,  full  of  shells  comminuted  into  frag- 
ments generally  too  small  to  ascertain  their  species ;  more  or 
less  oolitic,  frequently  very  indistinctly  so,  but  occasionally 
passing  into  beds  in  which  the  oviform  grains  are  much  larger  • 
than  in  any  of  the  other  oolites.  This  variety,  which  though 
by  no  means  universal,  is  yet,  where  it  occurs,  characteristic 
of  the  formation,  has  given  rise  to  the  name  Pisolite  employed 
by  Mr.  Smith.  The  colour  of  all  these  beds  is  of  a  yellowish 
white,  becoming  palest  in  the  most  oolitic,  and  passing  occa- 
sionally into  shades  of  light  grey.  It  rises  in  thick  beds  often 
traversed  by  lines  of  division  oblique  to  the  plane  of  stratifi- 
cation; which  hence,  unless  where  the  stone  is  exposed  to  a 
considerable  depth,  becomes  obscure.  It  affords  a  tolerable 
material  for  building,  but  far  inferior  to  the  oolites  of  Portland 
already  described,  and  to  those  which  will  be  hereafter  de- 
scribed as  belonging  to  the  third  division,  scaling  off  in  large 
flakes  after  a  few  years  exposure  to  the  weather.  Oxford  has 
to  regret  its  vicinity  to  this  formation.  It  is  a  tolerably  good 
limestone,  but  probably  contains  from  one-tenth  to  one-third 
of  sand. 

The  coral  rag,  which  lies  under  this  freestone,  consists,  as 
its  name  denotes,  of  a  loose  rubbly  limestone,  mingled  with 
and  often  almost  entirely  made  up  of  a  congeries  of  several 
species  of  aggregated  and  branching  madrepores.  Two  or 
three  irregular  courses  of  this  rock  intervene  between  the  free- 
stones and  the  inferior  sandy  beds  ;  they  often  assume  a  marly 
character  and  grey  colour;  they  are  used  for  lime  and  the 
repair  of  roads. 

The  sandy,  or  rather  siliceo-calcareous  beds,  consist  of  a 
.  thick  deposit  of  yellow  coloured  quartzose  sand,  usually  con- 
taining about  one-third  of  calcareous  matter,  and  traversed  by 
irregular  strata  and  concretions  of  indurated  calcareo-siliceous 


Digitized  by 


Google 


Sect.  ni.    Middle  Dhmion— Coral  Rag.  187 

gritstone.  These  rest  immediatelj  on  the  subjacent  Oxford 
clay,  and  may  be  traced  through  the  whole  escarpment  of  the 
hills  composed  of  this  formation  supporting  the  rag  and  free- 
stones. '  It  is  in  the  calcareous  grit  of  this  sand  thatvthe  fossils 
of  this  formation  occur  in  the  greatest  quantity,  and  especially 
in  those  immediately  beneath  the  coral  rag  beds.  The  ostrea 
gregarea  character! ises  the  sand  generally. 

Iron  is  more  or  less  abundant  throughout  the  sand ;  some* 
times  so  much  so  as  to  give  it  the  appearance  of  the  iron  sand 
described  in  the  former  chapter. 

In  the  vicinity  of  Weymouth,  the  beds,  at  the  junction  of 
the  Kimmeridge  clay  and  the  freestones  of  this  formation,  are 
also  very  sandy  and  ferruginous. 

(b)  Mineral  contents.  This  formation  affords  scarcely  any 
thing  which  deserves  notice  under  this  head ;  calcareous  spar 
is  of  course  common,  but  does  not  present  any  beautiful  va- 
rieties. Crystals  of  quartz  have  also  been  found,  though  very 
rarely,  in  the  Headington  quarries  near  Oxford. 

(e)  Organic  remains.*  The  remains  of  Vertebral  animals 
are  scarce  in  this  formation ;  but  vertebrae  of  the  Ichthyosaurus 
have  been  found  in  its  beds  of  calcareous  grit. 

The  shells  are  numerous,  especially  in  the  beds  of  calcareous 
grit,  and  chiefly  of  the  following  species ;  for  figures  of  which 
we  may  refer  to  Sowerby's  Mineial  Conchology. 

Chambered  Univalves. 

Ammonites  excsL\a.tvLS^  T.  105.     ^.giganteus,  7.126. 

^.  plicatilis,  T.  166.      -<4.  vertebralis,   7.165. 

A.  splendens,  T.  103,  fig.  3. 
Nautilus. 
Belemnites, 

Univalves  not  chambered. 

Melania  Headingtoniensis,  T.  39.    M.  striata,  T.  47. 

Turbo  muricata.     T.  240.  ^g.  4. 

Helix. 

Trochus  bicoronatus.     T.  221,  ^g.  2. 

Ampullaria ;  Smith,  fig.  2. 

TurHtellaf 

Serpulitesi 

♦  The  plates  given  by  Townshend  of  the  fossils  of  this  formation  require 
the  following  corrections.  The  Echinites  copied  from  Plott's  Oxfordshire^ 
plate  5,  fig.  5 — 9,  are  not  from  the  coral  rag,  but  from  the  great  oolite ; 
there  are  however  species  nearly  similar  in  the  coral  rag.  In  Plate  6,  figs. 
1,  2  &  12,  are  from  other  formations.  With  these  exceptions  they  may  be 
coniuked  usefully.    Smith's  catalogue  and  figures  are  both  good. 
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BltALTES. 

Oiireu  gregare^  T.  Ill,  fig.  3.  O.  crista galfa',  Smith, 

fig.  4. 
PetteH  fibro3U8,    T.  136,  fig.  2.      P.  lens^    T.  «05, 

fig.  3.  3.  P.  arcuatufl,  T.  205,  fig.  7.   P.  similiS) 

T.  205,  fig.  6. 
Chama^  same  as  in  the  Oaktrde  clay. 
Trigonia^  casts  of  seTeral  species. 
Lima  rudis.     T.  214,  fig.  1. 
Lithophaga. 

Modiokk. 

Fragments  of  a  fibrous  shell  are  common,  but  not  sufficieflfljT 
perfect  to  ascertain  whether  they  belong  to  the  satne  genus 
with  the  Inocetamus  of  the  chalk  formation. 

Mitiy  beautiful  Kchtnites  occur  in  this  tbrmation ;  viz.  of  the 
divilsion  Cidaris^  three  species ;  1.  C  papillata,  much  resembling 
that  of  the  chalk,  (Parkinson,  vol.  3,  pi.  1,  fig.  9.) ;  2.  C.  in- 
termedia (same  plate,  fig.  6.) ;  3.  C  diadema  (same  plate, 
iSg.4.)  :  and  of  the  genus  Clypeus^  two  species ;  tIz.  1.  Clypeus 
sinuatus  (the  same  which  occurs  in  the  Great  and  Inferrof 
K>olite)  pi.  2,  fig.  1 9  and  2.  the  Clypeus  clunicularis  (a  small 
oval  Variety)  see  Smith's  plate  of  the  fossils  of  this  formd,tion| 
fig.  6.,  where  it  is  rightly  restored  to  this  genus,  having  been 
confounded  by  other  writers  with  genera  to  which  It  did  Hot 
belong.  Here  we  may  observe  that  a  new  genus,  the  Clypeus, 
makes  its  first  appeaituice,  and  an  old  oAe  formerly  noticed, 
the  Spatangus,  is  no  longer  found,  not  being  known  in  any 
formation  below  the  green  sand. 

This  also  is  the  first  formation  (in  descending  the  series)  in 
which  in  this  country  *  any  considerable  number  or  varie^  of 
madrepores  occur  in  a  fossil  state  ;  the  species  occurring  in  the 
formations  we  have  befbre  described  being  few  and  scarce. 
We  here  notice  several  species  of  the  divisions  CuryophilHa 
and  AstreUj  following  the  Lamarckian  arrangement  of  this 
family,  viz.  1.  a  Caryophyllia  approaching  to  C  Carduus,  but^ 
not  muricated  (Parkinson,  vol.  2,  pi.  5^'^g,  5.);  Caryophyl- 
lia cespitosa  ?  a  smaller  branching  madrepore  clustering  in 
groupes^  and  of  the  division  Astrea  one  species,  approaching 
to  Astrea  favosa  (Smith's  plate  of  coral  rag  fossils,  fig.  1.) ;  a 
second  (Parkinson,  pi.  7,  &g,  11^.),  «nd  a  third  approaching  to 
Astrea  annularis. 

It  must  be  stated,  however,  that  the  subject  of  fossil  nmdre- . 

*  The  Mae&tricht  beds,  which  repose  immeiUatefy  on  tiie  chalk  m  th^ 
Netherlands,  are  horwevor  rich  m  tnadr^ref. 
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pdreli  has  ticrver  beea  treated  in  thitt  cfmntrj  wfth  th<e  accuracy 
it  reqQires;  the  superficial  and  external  characters  of  thik 
«pecies  ha?e  alone  attracted  attentkm,  thek  hitemal  stmctur^ 
tmd  mode  of  increase  have  been  scarcely  noticed  :  and  we  fia¥e 
consequently  little  or  no  real  and  precise  knowledge  concem^ 
log  them. 

Fossil  wood  is  ofien  found  in  the  cakar^as  gvit  of  ^h  f»r>- 
mation. 

(d)  Rmnge  and  escient.  Considering  it  as  yet  donhtfttl 
Whetlvfer  the  tract  on  the  edge  of  the  ea^ern  moorlands  of 
Yorkshire,  coloured  in  the  Geological  Map  of  Mr.  Greenough 
«s  belonging  to  this  formation,  does  not  rather  belong  to  the 
great  oolite,  we  shall  add  the  few  notes  we  possess  ooncerliiiig 
it  as  an  appendiK  to  the  whole  suite  of  oolites,  without  veu'- 
turhig  decidedly  to  assign  its  geologies^  place  among  them. 

Passing  then  over  this  tract,  we  certainly  do  not  find  any 
tmeies  of  the  coral  rag  formation  in  proceeding  to  the  sotith- 
west,  until  we  com«  to  the  middle  of  the  island. 

Its  earilest  appearance  in  this  direction  is  <m  the  east  of 
Oxford,  where  it  forms  the  elevated  platform  rising  on  the 
Boutti-west  of  Otmoor,  and  oecnpymg  tlve  interval  between  the 
confluence  of  the  Charwell  and  Thame  with  the  Isis.  This 
f>latform  Sup|K>rts  the  still  higher  ridge  which  (exhibiting  the 
Portland  be^  and  iron  sand)  constitutes  the  summit  of  Shot^ 
over  hill.  The  whole  of  its  surface,  which  extends  about  five 
mites  from  east  to  west,  and  seven  from  north  to  «outh,  b 
covered  with  quarries  of  which  the  principal  are  those  of  Head* 
Jiigt<m  two  miles  east '<^  Oxford,  at  the  foot  of  the  high  ridge 
^f  Shotover,  in  which  the  junction  of  the  beds  of  this  Am** 
matlon  and  the  Kimmeridge  day,  which  ^s  abov«  them,  is 
well  displayed.* 

As  the  strata  here  dip  nearly  to  the  south,  the  platform 
occupied  by  them  sobsides  in  the  same  direction,  Beckley  on 
tiie  north  being  its  most  lofty  point,  wiience  it  ^inks  ^wurd$ 
Sandford,  being  there  very  little  above  the  level  of  the  Isis. 
Near  this  last  point,  the  sandy  beds  occupy  its  escarpment,  the 
whole  way,  the  basset  of  the  coral  rag  cresses  the  river  Isis, 
and  the  plane  of  the  formation,  rising  northwards,  occupies 
the  middle  of  the  range  of  hills  on  the  west  of  that  river, 

*  The  upper  lurface  of  the  freestone  beds  was  in  the  yetr  ISI^  h^d 
open  in  one  of  the  quarries  to  a  considerable  extent,  by  strippKBg  off  t^ 
8tt{>6rjacent  day ;  it  had  the  a[H>earance  of  havinr  been-  maiked  by  the 
jiCtioA  of  water  upOn  it  before  the  deposition  of  the  clay,  and  {Resented 
occastonall^  small  round  cup-shaped  cavities  which  seem^  to  have  been 
wora^  into  it ;  ithe  stonj  strata  were  traversed  also  by  many  pemeodkulalr 
4Wiit8  of  various  bi^adtin  hito  whkh  tiie  «iay  had  ioMaoated  itactt. 
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crowned  with  Baglej  wood.  This  ridge  corresponds  with  the 
opposite. platform,  and  must  have  been  originallj  continuous 
with  it,;  the  intervening  vdlley  of  the  Isis  near  Oxford  appear- 
ing  to  be  a  breach  in  the  chain  of  hills  opened  by  subsequent 
denudation. 

The  Baglej  wood  hills  are,  like  Shotover,  crowned  with 
iron  sand,  which  constitutes  the  summits  of  Foxcombe  hill  and 
Cumnor  clump ;  but  the  Portland  beds  do  not  extend  so  far 
north,  although,  the  Kimmeridge  clay  may  be  traced  along  the 
base  of  the  iron  sand  of  Foxcombe  hill,  interposed  between  it 
and  the  coral  rag.  This  however  also  thins  out  before  it  gains 
Cumnor  hill,  in  which  the  iron  sand  rests  immediately  on  the 
coral  rag.  The  same  thing  also  happens  on. the  opposite  side 
near  Shotover. hill,  where  the  clay  likewise  thins  out  beneath 
Forest  hill,  an  insulated  summit  of  iron  sand  just  on  the  north 
ofShotover. 

North  of  Cumnor  hill  is  Whiteham  hill,  an  insulated  mass 
of  the  coral  rag  and  its  subjacent  sand,  hanging  over  Ensham, 
and  constituting  what  is  called  an  outlier.  This  is  the  highest 
point  of  the  coral  rag.  * 

From  Cumnor  hill  the  platform  of  the  coral  rag, .  extending 
westwards,  forms  a  range  of  hills  about  200  feet  high  (skirting 
the  north  of  Berkshire)  between  the  rivers  Isis  and  Ock.  The 
escarpment'  of  these  hills,  which  exhibits  the  inferior  sandy 
beds,  is  towards  the  former ;  the  gradual  slope  on  the  back  of 
the  strata,  towards  the  latter.  The  superficial  breadth  of  the 
coral  rag  is  here,  about  four  miles. 

At  Farringdon  are  two  summits  of  iron  sand,  resting  on  the 
coral  rag,  one  on  the  east  of  the  town  marked  by  a  conspicuous 
clump. of  firs,  the  other  on  the  south-west. 

*  The  most  interesting  circumstance  with  regard  to  these  hills  remains 
to  be  mentioned*  A  large  accumulation  of  alluvial  pebbles  and  blocks, 
often  of  considerable  size,  and  derived  apparently  from  some  transition 
district  on  the  one  hand  and  from  chalk. on  the  other  (comprising  quartz, 
sandstone  like  that  of  the  lickey,  hard  black  flinty  slate,  porphyry,  and  in 
addition  to  these  chalk  flints),  covers  a  ereat  part  of  Bagley  wood,  and 


pebbles  of  the  same  kinds  are  scattered,  though  more  sparingly,  over  the 
summit  of  Whiteham  hill.  Now  since  Bagley  wood  is  constderaoly  elevated 
above  the  neighbouring  district,  and  Whiteham  hiU  is  completely  insu- 
lated, steep,  and  at  least  SOD  feet  above  the  vallies  which  surrouna  it,  we 
have  here  a  most  decisive  proof  of  the  excavation  of  the  vallies  at  a  period 
long  subsequent  to  the  formation  of  those  hills ;  since  when  these  blocks 
and  pebbles  were  transported  hither,  there  must  have  been  uniformly 
inclined  planes  from  their  native  sites  to  their  present  locality  That  they 
should  have  rolled  up  the  present  escarpments  is  a  physical  impossibility. 
The  phoenomenon  is  of  exactly  the  same  kind  with  that  of  the  granitie 
blocu  of  the  Alps,  transportea  to  the  sides  of  the  Jura  chain ;  but  the  in- 
ferencctt  are  here  more  direct,  in  as  much  as  it  is  impossible  to  t:all  in  the 
imaginary  aid  of  ice-bergs  to  float  the  transported  materials  in  this  instanct^ 


Digitized  by 


Google 


Sect.  III.    Middle  DhiHon^Coral  Rag.  191 

r  Hence,  the  same  platform  and  ridge  continue  to  extend  to 
the  west-south-west,  traversing  Wiltshire  on  the  north  of  High- 
worth  and  Wooton  Basset^  as  far  as  the  hills  of  Bow-wood  and 
Bromham  near  Chippenham.  They  here  acquire  a  southern 
direction.  Near  Seetid  there  is  a  breach  in  the  chain,  through 
which  the  Berks  and  Wilts  canal  passes ;  but  further  south 
it  again  rises  and  becomes  conspicuous  at  Steeple  Ashton. 
Here,  however,  the  extension  of  the  green  sand  and  chalk 
westwards,  which  has  before  been  noticed  as  overlying  the 
Kimmeridge  clay,  covers  up  the  basset  of  this  formation  like* 
wise. 

To  the  south  of  this  projecting  cape  of  green  sand,  near  the 
place  where  Alfred's  tower  marks  its  highest  point,  a  range  of 
low  oolitic  hills  may  be  traced  running  east  of  Wincanton,  in  a 
southern  direction^  to  Stourminster,  and  continuing  the  line  of 
the  coral  rag  hills.  These  are  indeed  coloured  in  Mr.  Green« 
ough's  Map  as  a  part  of  the  great  oolite,  l)ut  we  believe  they 
are  in  reality  separated  from  that  formation  by  a  valley  of  clay 
following  the  line  of  the  intended  Dorset  and  Somerset  canal. 
Mr.  Smith  has  assigned  this  range,  both  in  his  map  and  sec- 
tions, to  the  coral  rag ;  and  we  are  inclined  in  this  respect  to 
follow  his  authority,  confirmed  as  it  appears  to  be  by  the  gene- 
ral line  of  bearing  of  the  formation  in  question.  / 

On  the  south  of  Stourminster,  the  western  projection  of  the 
green  sand  and  chalk  through  Dorsetshire  again  conceals  the 
basset  of  this,  and  indeed  of  all  the  oolitic  formations ;  but  on 
the  south  of  this  projection,  where  the  inferior  strata  re- 
appear skirting  the  coast,  the  coral  rag  again  comes  in  exactly 
where,  pursuing  the  same  line  of  bearing,  we  might  expect  it 
— at  Abbotsbury. 

In  order  to  understand  its  course  from  this  point,  it  will  be 
necessary  to  repeat  the  observation  which  has  been  before 
made  when  treating  of  the  Portland  beds ;  namely,  that  the 
cpuntry  between  the  chalk  hills  and  Weymouth  forms,  geologi- 
cally speaking,  a  saddle,  the  axis  of  which  (consisting  of  a 
nucleus  of  our  third  division  of  oolites)  ranges  east  and  west, 
having  successive  collateral  zones  of  the  second  and  first  division 
of  oolites  on  either  side.  Hence  the  coral  rag  of  Abbotsbury 
(forming  one  of  the  northern  collateral  zones),  ranged  thence 
in  a  western  direction,  near  Broadway  to  the  coast,  between 
Weymouth  and  Ringstead  bays*,  forining  a  well  marked  ridge 

*  All  this  part  of  Mr.  Greenough's  Map  requires  correction,  haying 
been  founded  on  a  supposed  identification  of  the  ferruginous  sandy  beds 
above  the  coral  rag  in  this  part  of  its  course,  with  those  of  the  inferior 
oolite,  which  has  since  proved  to  be  erroneous ;  the  line  there  assigned  to 
the  inferior  oolite  is  really  that  of  the  coral  rag. 
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with  TalUes  of  KinuBeridge  clay  on  the  BOFth  and  tbo  Qiford 
claj  on  the  south.  Professors  ^ickland  and  Sedgwick  have 
miuntely  eiamined  this  district,  and  will  soon  comnLimicato 
their  observations  to  the  public ;  the  beds  at  the  junction  of 
the  Kiinmeridge  clay  and  coral  rag  haTe  here  a  peculiarly 
sandy  and  ferruginous  character,  which  has  occasioned  them  ta 
be  mistaken  for  the  inferior  oolite. 

The  scmthem  collateral  zone  of  the  coral  rag  occupies  what 
may  be  called  the  Peninsula  of  Weymouth;  ranging  front 
Wyke  regis  to  Weymouth  fort,  haYing  a  valley  of  the  Oiford 
clay  on  the  north  and  the  Kimmeridge  clay  hanging  on  its 
90«them  slopo  at  Portland  ferry. 

6SE 

I      I 
f      I 

Sea^  Sea 


N^^ 


#.  Chalk,  h.  Green-sand,  te,  Purbeck  and  Portland  beds.  dJ,  Kimmeridge 
clay,  e  e.  Coral  rag.  ff.  Oxford  clay,  g.  Forest  marble  and  grejit 
oolite. 

The  above  rough  section  will  give  a  general  idea  of  th& 
district. 

(e)  Height.  Whiteham  hill  in  Berkshire,  576  feet  above 
the  level  of  the  sea,  is  probably  the  highest  point  attained  by 
this  formation ;  the  average  height  of  the  low  chain  of  hilb 
occupied  by  it,  seems  to  be  about  400  feet, 

(f)  Thickness.  The  thickness  of  the  coral  rag  and  cal* 
careous  sand  together  may  be  taken  at  from  100  to  150  feet ; 
ea^h  of  these  divisions  occupying  an  equal  moiety  of  this  total 
thickness. 

(g)  Inclination.  It  is  generally  very  little,  averaging  about 
1  in  150,  and  therefore  less  than  one  degree;  but  the  strata 
are  often  traversed  by  parallel  lines  of  cleavage,  cutting  their 
planes  at  various  angles ;  care  must  be  taken  to  distinguish 
these  from  the  true  lines  of  stratification^  The  appearances 
resulting  from  the  mixture  of  these  lines  are  often  singular  and 
puEzling,  presenting  the  plioenomenon  of  beds  nearly  horizon* 
tftl^  associated  vrith  others  which  seem  to  be  highly  inclined. 
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(X)  Agricultural  character.  The  outer  slope  of  the  Jiills 
of  this  formation  towards  their  escarpment  being  occupied  by^ 
the  calcareous  grit,  affords  a  light  sandy  soil.  Their  surface 
and  back,  where  the  substratum  is  the  coral  rag,  presents  a 
loose  s^tone-brash  well  adapted  for  turnips,  barley,  &c.  . 

(0  Water.  From  the  rifty  and  porous  character  of  these 
strata,  it  is  necessary  to  penetrate  to  their  junction  jvith  the 
subjacent  clay,  in  order  to  procure  any  considerable  supply  of 
water.  The  springs  which  flow  over  the  superior  clay,  fre- 
quently sink  into  the  rifts  of  this  formation ;  and,  after  being 
for  a  time  engulphed  and  concealed,  are  again  thrown  out  by 
the  basset  of  this  subjacent  clay ;  examples  of  such  swallow- 
holes,  as  they  are  commonly  called,  may  be  seen  at  Heading- 
ton  near  Oxford. 


II.    OXFORD  CLAY.  % 

Thi$  is  the  Clunch  Clay  of  Smithy  and  forms  the  separation 
between  the  middle  and  inferior  assemblage  of  ooUtes^  induing 
subordinate  beds  of  limestone  called  the  Kelloway  Rock, 

(a)  Chemical  and  external  characters.  This  formation 
consists  of  beds  of  immense  thickness  of  a  tenacious  and  ad- 
hesive clay  of  a  dark  blue  colour,  becoming  brown  on  exposure, 
and  containing  argillo-calcareous  geodes  and  septaria  These 
latter  are  frequently  termed,  from  an  obvious  analogy,  turtle 
stones.  Some  of  these  geodes  are  employed  at  Melbury  in 
Dorsetshire  as  a  coarse  marble.  The  argillaceous  strata  are 
frequently  mixed  with  calcareous,  and  sometimes  with  bitumi- 
nous matter,  affording  in  the  latter  case  an  inflammable  shale  ;* 
the  section  appended  in  the  note  will  give  a  general  idea  of 
the  manner  in  which  these  beds  occur.f     The  lower  part  of 

\  Chiefly  by  the  Rev.  W.  D.  Conybeare. 

*  The  appearances  of  coal  in  this  bed  has  given  rise  to  numerous  triple, 
encouraged  by  ij^norauce  or  fraud.  Among  these  was  one  at  the  expense 
of  Sir  Edwara  Bayuton  and  the  Marquis  of  Lausdowne^  on  the  south-^ast 
of  Tetherton.  T.  127.  Search  for  coal  has  been  made  in  various  parts  of 
this  deposite,  as  near  Elston  in  Bedfordshire :  and  an  unsuccessful  trial  was 
made  on  the  south-east  of  Tetherton  in  the  parish  of  Goddington  at  the 
expense  of  Sir  Edward  Baynton  and  the  Marquis  of  Lansdowne.  (A^r.Sur.) 
Other  trials  have  been  made  at  Bruham  in  Somerset,  at  Pyrtou  m  Wilt- 
shire, and  Ehsham  heath  in  Oxfordshire,   (G.  Notes.) 

+  Near  the  village  of  Donnington,  which  is  about  six  miles  on  the  West 
of  Louth  in  Lincolnshire,  and  near  the  tenpination  of  the  western  escarp* 
meat  of  the  chalk  range,  this  formation  has  been  bored  into  to  the  depth 
of  upwards  of  SOO  feet  without  passing  through  it.  It  afKards  the  followmg 
list  of  alternating  beds  of  clays,  stones,  and  bituminous  slate-clays.  (G.  T. 
v.iii.  p.^^96.) 
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ttiis  formation  occasionally  contains  irregular  beds  of  lime- 
stone ;  which,  from  their  partial  occurrence,  can  only  be  con* 

Sidion  afforded  by  boring  0$  Dommngton  in  Lincoltuhirt, 

(ett  in. 

1,    Aclaysoil ^..     3  — 

'     S.    Dark  coloured  clay 9  -^ 

'     3.    Soft  grey  slate  with  marine  impressions 1  <^ 

4.  Blue  argillaceous  stone —      6 

5.  Dark- coloured  clay , 3      1 

€.    The  same  as  No.  3 4. .....     1  — 

7.  Laminated  clay  sliehtly  indurated •• S3  — 

8.  Soft  grey  slate  slightly  inflammable 5      3 

9.  Same  as  No.  8,  but  darker  coloured 5      3 

0.  Indurated  clay  with  white  marine  organic  remains 37      S 

1.  Same  as  Ko.  10,  but  harder  and  blacker 7      3 

1 2.  Dark  coloured  bituminous  inflammable  schist 6  -^ 

13.  A  dark  blue  coloured  ironstone —      3 

14.  Laminated  indurated  clay  with  white  marine  organic 
remains 33  — 

15.  Same  as  No.  14,  but  harder,  with  marine  impressions  of 
thin  leafy  pyrites ... , ........  10      4 

16.  Dark  blue  argillaceous  stone «....—      4 

17.  Hard  indiirated  laminated  clay  with  impressions  of  thin 
Icafypyrites 18      4 

18.  Laminated  bituminous  schist,  with  white  marine  organic 
remains,  and  inflammable 1  10 

19.  Dark  blue  ironstone .r...  -^      8 

80.    Laminated  bituminous  schist,  same  as  No.  18 11  «-* 

21.    Dark  blue  ironstone -^      li 

S2.    Laminated  bituminous  schist,  same  as  Nos.  18  &  20  ... .  18  10( 
SS.    Dark  indurated  clay,  with  some  white  marine  organic 

remains 8      0 

S4.    Laminated  bituminous  schist,  same  as  Nos.  1 8, 20,  &  22 ..    8  — 

25.  Dark  indurated  clay,  same  as  No.  23 3  <-> 

26.  Laminated  bituminous  schist,  same  as  Nos.  1 8, 20, 22  &  24    4      ^  • 
87.    Dark  indurated  clay,  same  as  Nos.  23  &  25,  iatermixed 

with  thin  seams  of  laminated  schist SO      3 

28.  Grit ^....t —      8 

29.  Brown  laminated  schist —      S 

30.  Hardstone,  bind  or  ar^llaceous  stone •««.« 2  K) 

31.  Hard  laminated  bituminous  schist  .•••. ......     1  2 

32.  Same  as  No.  SO  . . ;••••. ; ••••     *  — 

33.  Hard  laminated  bituminous  inflammable  schist  •••..•••    2      4 

34.  Inflammable  slaty  bind.. 3  -* 

85.    Hard  laminated  bituminous  schist,  very  inflammable  ....     3      7^ 
36.    Hard  dark  blue  bind,  interlaid  with  tiiin  strata  of  bitu- 
minous schist  ^ 4 ^.  13      9| 

87.    Very  inflammable  schist —      t 

38.  Hard  dark  blue  bind,  same  as  No.  36 3      8 

39.  Argillaceous  stone I  — 

40.  Same  as  39,  but  not  so  hard  .^ 1  .. 

41  •    Hard  dark  blue  bind,  same  as  Nos.  36  &  38,  in  which  the 

boring  was  diKontinued. ....,  29  10 
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sidered  fts  subordinate  to  it.  These  have  been  noticed  chiefly 
at  Christian  Malford  and  Kelloway  bridge  near  Chippenhanf 
in  Wiltshire,  and  have  been  denominated,  from  the  l&tter' 
locality,  the  Kelloway  rock.  This  stone  occurs  in  irregular^ 
concretions,  the  exterior  aspect  of  which  is  brown  and  sandy, 
the  interior  being  harder  and  of  a  blueish  colour.  It  consists^ 
almost  entirely  of  a  congeries  of  organic  remains,  among  which 
several  varieties  of  ammonites  are  predominant.  The  beds 
of  clay  (says  Mr.  Smith)  which  immediately  cover  this  rock 
abound  in  selenite,  and  below  it  are  found  a  brown  aluminous 
earth  and  bituminous  wood.  Beds  of  clay  separate  the  Kello- 
way rock  from  the  oolites  of  the  next  division. 

This  limestone  is  only  used  for  mending  the  roads,  and^s 
there  are  very  few  excavations  for  this  purpose,  it  is  difficult  to 
trace  its  course ;  Mr.  Smith,  however,  mentions  the  following 
localities  in  addition  to  those  which  have  been  already  stated ; 
Thames  and  Severn  Canal  near  South  Cerney ;  Kennet  and 
Avon  Canal  near  Trowbridge;  Wilts  and  Jiucks.  Canal  near 
Chippenham;  a  Pit  sunk  in  a  fruitless  search  for  coal  at 
JBrUham  near  Brutbn,  Somersetshire. 

(b)  Mineral  contents*  Iron  pyrites  and  selenite  occur 
abundantly  in  this,  as  indeed  in  all  argillaceous  formations. 
The  association  of  sulphur  with  the  clay  strata  seems  to  afford 
an  interesting  subject  of  enquiry.  Mr.  Smith  believes  the 
mineral  waters  of  Melksham,  &c.  to  be  derived  from  the  beds 
of  this  formation  immediately  contiguous  to  the  Kelloway 
rock.* 

Every-  variety  of  this  stratum,  in  the  preceding  section,  agrees  iu  the  two 
following  properties— the  presence  of  calcareous  matter,  which  is  mani- 
fested hy  a  brisk  effervescence  when  any  part  of  it  is  submitted  to  the 
action  of  acids;  and  secondly,  a  more  or  less  abundant  admixture  of 
pyrites ;  all  the  bituminous  slates,  when  exposed  to  the  action  of  fire,  burn 
with  a  very  strong  offensive  smell,  but  those  found  below  thedepth  of  80 
yards  were  not  so  disagreeable  in  that  .respect,  as  those  which  were  higher 
m  the  stratum.  Varieties  33  and  35  are  remarkable  for  their  inflamma- 
bility, and  burn  with  a  thick  bituminous  flgme,  appearing  nearly  equal  in 
this  respect  to  common  coal ;  but  after  the  bitumen  was  exhausted,  the 
remainder  was  left  undiminished  in  size.  The  or^nic  remains  observed 
in  these  beds,  as  their  general  characteristics,  are  impressions  of  ammo- 
nites and  some  small  bivalve  shells.    (O.  T.  vol.  iii.  p.  327.) 

In  the  Philosophical  Transactions  for  1787,  is  an  account  of  the  strata 
penetrated  in  sinking  478  feet  for  water  in  thjs  formation  near  Boston ; 
these  consisted  of  clay  mingled  with  marly  concretions  (called  in  that 
account  chalk)  and  what  is  there  termed  gravel — probably  loose  and 
rubbly  marle-stones— at  470  feet  froci  the  surface,  a  thin  bed  of  stone  (per- 
haps the  Kelloways  rock)  was  met  with. 

An  interesting  account  of  the  sinking  through  the  strata  at  Melksham 
will  be  found  in  the  '  Guide*  for  that  watering  place. 

♦  See  further  particulars  of  these  springs  in  the  article  on  the  waters  of 
this  formation. 
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(c)  Organic  remains.  Since  the  organic  remains  wbi^h 
qccur  in  the  Kelioway  rock  appear  to  be  peculiajr  and  cha* 
racteristiC)  we  shall  gWe  a  double  list  of  the  remains  of  this 
formation ;  first,  those  which  occur  in  the  argillaceous  beds 
generally;  and  secondly,  those  which  distinguish  the  Kello* 
way  rock. 

1.     Organic  remains  of  the  Clay. 

Bones  of  the  Ichthyosaurus  occur,  but  are  rare,  and 
of  a  different  species  from  those  in  the  lias* 

The  following  shells  may  be  specified. 

Chambered  Univalves. 

Ammonites  Duncani.     T.  167. 

ji.  armatus ;  Smith,  fig.  3.  The  ammonites  in  this 
formation  are  generally  so  much  compressed,  that 
it  is  difficult  to  ascertain  their  specific  characters, 
and  often  still  preserve  their  pearly  shell ;  these 
circumstances  are  common  to  most  of  the  argil<» 
laceous  beds.  ' 

Nautili  and  BelemnHes  also  occur. 

Univalves  not  chambered. 
Rostellaria. 

tubular  ditto. 
Serpula^  a  peculiar  variety ;  Smith,  fig.  5« 
Patella  latissima,     Tl  139,  fig.  1. 

Bivalves. 

0*^rea  palmetta.     T.  Ill,  fig.  2, 
Gryphcea  dilatata.     T.  149. 
Perna  aviculojdes.     T.  66.  ^ 

The  occurrence  of  fossil  wood  has  already  been  noticed. 

%    Shells  of  the  Kelioway  rock^ 

Chambered  univalves. 

Ammonites  calloviensis.     T.  104. 
subl<STis.     T.  154. 

Koenigi.   T.  203 ;  and  several  species  not 
figured. 
Nautili  and  BeUmnit^^. 

'    Univalves  not  chambered. 

Rostellaria)  Smith,  ^g*  1. 
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Cardita  deltoidea.     T.  197,  fig.  4. 
Chama  digitata.     T.  174. 
Gryphaamcnndi.     T.  l\%  ^g^^. 
Pecten  fibrosus.     T.  136. 
Plagiostoma  obscura.     T.  1 14,  fig.  2. 
Avicula  inequivaWis.     T.  244,  fig.  2. 
Terebratula  omi  thocephala.     T.  101.* 

"  ((f)  Range  and  extent  The  uncertainty  which  as  yet 
prevails  concerning  the  true  divisions  of  the  oolitic  formations 
i^hich  appear  in  Yorkshire ,+  prevents  our  being  able  to  speak 
with  absolute  decision  concerning  the  course  of  this  formation 
at  the  north-eastern  termination  of  the  diagonal  zone  which  it 
forms  across  the  country.  It  should  seem,  however,  that  it 
certainly  occurs  on  the  coast  of  that  county  at  Yew  Nab  near 
Fil^y  bridge,  underlying  the  calcareous  grit  of  the  coral  rag 
formation  ;  and  it  is  probable  that  the  greater  part  of  the  Clay 
tale,  lying  along  the  Yorkshire  Derwent  as  far  as  New  Malton, 
and  intervening  between  the  chalk  and  oolite  hills,  is  of  this 
formation.  On  the  south  of  New  Malton,  the  chalk  advances 
tlose  to  the  oolite  hills  and  overlies  this  argillaceous  tract. 
'  South  of  the  Humber,  it  may  be  traced  in  a  southern  direc- 
tion through  Lincolnshire,  following  the  course  of  the  fen« 
along  the  Ancholme  navigation,  and  the  Withara  river,  to 
Boston  ;  proceeding  in  the  same  direction,  it  forms  the  sub- 
stratum of  the  western  portion  of  the  Cambridgeshire '  fens 
and  those  which  border  on  Huntingdonshire ;  hence  it  has 
sometimes  been  called  the  Fen  Clay,  Where  it  enters  Lin- 
colnshire on  the  north,  it  forms  a  very  narrow  tract,  not  ex- 
ceeding three  or  four  miles  across ;  but,  from  the  drawing 
liway  of  the  chalk  hills  and  their  intermediate  substrata  which 
cover  it,  towards  the  south-east,  a  great  breadth  of  it  becomes 
exposed  on  the  south  of  this  county;  a  line  taken  at  right 

•  The  references,  unless  where  otherwise  specified,  are  to  Sowerby's  Min. 
Conchology. 

This  list  would  undoubtedly  be  much  encreased  were  these  strata  more 
explored  ;  but  affording  few  materials  applicable  to  oeconomical  uses,  they 
have  been  very  Httle  laid  open  or  examined.  The  most  characteristic  shell 
it  the  Gryphasa  dilatata. 

f  Mr.  Smith  in  his  general  Map,  and  more  lately  in  his  particular  Map 
of  Yorkshire,  has  represented  the  Alym  shale  of  that  county  (near  Whitby, 
&c.)  as  belonging  to  this  formation ;  but  the  continuity  of  this  tract  with 
the  ^eat  zone  of  the  lias  formation,  the  whole  list  of  its  organic  remains, 
and  its  general  characters,  prove  beyond  the  possibility  of  doubt  that  it 
really  belongs  to  the  lias,  and  not  to  the  Oxford  or  cluuch  clay ;  it  is  cor- 
^-ectly  represented  in  Mr.  Greenough*8  Geological  Map.  This  subject  will 
be  more  fully  discussed  in  treating  of  the  lias  formation. 
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angles  to  its  coutse  being  not  less  than  15  miles ;  and  this  may 
be  stated  as  its  maximum  of  its  superficial  extent  in  this  island. 

It  is  here  bounded  by  the  low  range  of  oolitic  hills  on  which 
Lincoln  stands  on  the  west,  and  by  the  chalk  hills  on  the  east ; 
the  sands  beneath  the  chalk  appearing  (from  the  absence  of 
the  two  first  divisions  of  oolites)  to  rest  immediately  on  its 
upper  edge ;  but  the  fenny  state  of  this  tract  renders  it  diffi^ 
cult  to  speak  with  decision  concerning  its  structure. 

Prpceeding  to  the  south-west,  a  line  drawn  from  Peter- 
borough* to  Bedford,  Buckingham,  and  Bicester,  will  nearly 
mark  its  inferior  junction  with  the  subjacent  oolites — and 
another  from  Huntingdon  to  Oxford  its  superior  junction. 
Near  Huntingdon,  its  upper  edge  appears  to  be  in  immediate 
contact  with  the  iron  sand  ;  but  on  entering  Buckinghamshire, f 
the  Aylesbury  limestone  becomes  interposed,  and  on  the  bor- 
ders of  Oxfordshire  the  coral  rag,  the  whole  assemblage  an4 
suite  of  strata  being  here  full  and  complete.  The  breadth  of 
the  tract  occupied  by  this  formation  is  greatly  reduced  in  proi^ 
ceeding  from  the  north  ;  being  at  Huntingdon  more  than  twelves 
miles,  and  between  Bedford  and  Oxford  not  more  on  an  average 
than  five  or. six,  and  often  still  less.  West  of  Oxford  it  ranges 
along  the  valley  of  the  Isis  westwards  as  far  as  Cricklade ; 
thence  bending  on  the  east  of  Malmesbury,  it  traverses  Wilts 
in  a  south  direction,  following  the  course  of  the  Avon  past 
Chippenham  to  Melksham,  having  a  breadth  of  from  five  to 
eight  miles,  and  being  always  bounded  by  the  escarpment  of 
the  coral  rag  on  the  south  and  east ;  And  by  the  rise  of  the  hills 
formed  by  the  subjacent  oolites  on  the  north  and  west. 

From  Melksham,  its  course  continues  south  through  Somer- 
setshire and  Dorsetshire  passing  by  Wincanton  and  Sturminster, 
on  the  south  of  which  it  is  overlaid  by  the  great  western  exten-ii 
slon  of  the  chalk  and  green  sand.  In  this  part  of  its  course  it; 
is  not  more  than  three  miles  across,  and  has  always  the  sub<» 
jacent  oolites  on  the  west,  and  the  coral  rag  escarpment  on  the 
east,  except  near  Wincanton,  where  the  green  sand  (overlying 
the  basset  of  the  coral  rag)  advances  upon  this  formation. 

This  formation  reappears  in  the  south  of  Dorsetshire,  in  the 

*  In  Mr.  Greenough's  Map  the  Oxford  day  is  carried  a  little  too  far  tp 
the  west  between  Peterborough  and  Higham  Ferrers,  the  escarpment  which 
hangs  over  the  right  bank  of  the  fen  being  really  formed  of  the  subjacent 
forest  marble. 

+  Mr.  Smith  has  divided  this  clay  district  between  the  Oak-tree  clay 
(Kinimeridge)  clay,  and  the  Clunch  (Oxford)  clay,  allowing  the  traces  of 
the  former  to  be  obscure ;  the  author  of  these  remarks  has  however,  by 
by  tracing  the  characteristic  fossils  of  the  latter  only,  to  the  very  foot  of 
the  Aylesbary  limestone  hills,  convinced  himself^  tb^t  tls«  former  is  entirely 
wanting.  '  .    .         , 
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Weymouth  denudatioo,  where  its  course  will  be  sufficiently 
iDdicated  by  referring  back  to  the  description  of  that  pursued 
by  the  coral  rag  in  that  district^  since  it  occurs  interposed  be- 
tween the  central  nucleus  of  the  subjacent  oolites  and  the  col- 
lateral chains  of  that  rock. 

(e)  Height y  Sfc.  This  stratum  must  be  considered  as  being 
for  the  most  part  extremely  low^  as  is  the  case  throughout  thtt 
considerable  tract  occupied  by  it  in  Lincolnshire,  where  it 
scarcely  exceeds  the  height  of  the  fens  which  penetrate  it,  and 

^hich  separate  it  from  the  point  of  its  reappearance  on  the 
surface  in  Huntingdonshire ;  whence  to  Bedford,  this  stratum 
forms  the  Tale  of  the  Ouse.  On  the  west  and' south-west  of 
Bedford,  and  on  the  east  of  Buckingham,  occur  some  excep- 
tions to  the  general  flatness  of  the  country  formed  by  this 
stratum :  but  the  eminences  are  not  considerable.  Thence  to 
Oxford  it  is  low  and  flat,  and  on  the  south-west  of  that  place  it 
forms  the  yale  of  the  Isis  for  several  miles.  Gentle  eminences 
again  appear  near  Malmsbury  and  occasionally  on  the  south 
of  it,  as  near  Trowbridge  and  on  the  north  and  west  of  the 
Tale  of  Blackmoor.     (G.  Map.) 

(f)  Thickness,  The  thickness  of  this  formation  must  be 
very  great,  probably  exceeding  500  feet.  At  Boston,  as  has 
been  already  stated,  it  has  been  penetrated  to  the  depth  of  478 
feet ;  from  comparing  its  breadth  taken  horizontally,  and  its 
inclination,  it  may  be  estimated  at  about  700  feet  in  the  mid- 
land counties,  and  cannot  be  much  less  in  the  south-western. 

(g)  Inclination.  It  appears  to  be  very  nearly  conformable 
to  the  formations  before  described,  although  a  slight  difl'i^rence 
in  this  respect,  between  the  different  members  of  the  series, 
must  be  supposed,  in  order  to  account  for  the  occasional  ap- 
pearances of  beds  ijk  some  places  which  are  wanting  in  others^ 
and  for  the  upper  edge  of  this  formation  being  thus  at  one 
time  in  contact  with  the  iron  sand,  at  another  with  the  Ayles- 
bury lime,  and  at  a  third  with  the  coral  rag.  A  very  slight 
deviation  however  is  sufficient  to  account  for  this,  and  no  more 
probably  takes  place.  When  indeed  it  is  said  that  beds  are 
conformable  to  each  other,  the  circumstances  under  which 
they  appear  to  have  been  deposited  would  scarcely  warrant  us 
in  expecting  to  And  an  absolute  and  mathematical  parallelism, 
but  only  an  approximation  to  it. 

The  general  dip  of  this  formation  appears  to  be  to  the  east 
and  south-east  under  an  angle  scarcely  if  at  all  exceeding  1% 
except  in  the  elevated  tract  north  of  Weymouth,  where  the 
direction  and  dip  change,  and  the  angle  is  often  as  high  as  30^. 

(h)  Agricultural  character.  The  vale  which  extends  from 
Melbury  to  Shaftesbury  in,  Dorsetshire  is  famous  as  a  butter 
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Country ;  but  this  clay  is  generally  barren  and  uhtractable^ 
unless  where  covered,  as  in  Lincolnshire,  by  the  White  clay  of 
that  country,  which  is  chalk  breccia.    {G.  Notes.) 

The  tract  occupied  by  this  formation  is  indeed  so  frequently 
covered  by  alluvial  debris  that  its  agricultural  character  is 
very  variable  from  this  cause. 

(i)  Phcenomena  of  springs.  It  is  generally  necessary  to 
sink  through  this  retentive  formation  in  search  of  water.  The? 
well  sunk  at  Boston  to  the  depth  of  478  feet  has  been  already 
mentioned,  and  even  then  the  attempt  was  abandoned  without 
success. 

The  following  mineral  springs  occur  in  the  course  of  this 
formation,  but  perhaps  their  true  seat  is  the  upper  beds  of  the 
subjacent  oolites.  Abaters  containing  purgative  salts  ;  at  Stan** 
field  (in  Lincolnshire) ;  Kingscliff,  (Northamptonshire) ;  below 
Cumner  (Berkshire)  ;  Melksham  and  Holt  (Wiltshire).  Iron 
and  carbonic  acid  at  Seend  (Wilts),  and  green  vitriol  at 
Somersham,  Huntingdonshire.  It  is  to  be  regretted  that  no 
correct  analysis  of  the  mineral  waters  of  this  island,  with  the 
exception  of  a  few  of  those  of  most  distinguished  resort,  has 
yet  been  made ;  the  analysis  of  the  Melksham  water  will  be 
found  io  the  ^  Guide' before  alluded  to. 


Section  V. 
Lower  Division  of  Oolites,  * 

A.  Upper  heds^  associated  with  the  Great  Oolite  and  con* 
taining  the  subdivisions  Cornbrashy  Stonesjield  slate^  Forest 
Marbky  and  Great  Oolite, 

Introduction, — In  the  general  view  of  the  Oolitic  series 
(p.  166,)  a  synoptical  table  of  this  lower  system  of  oolites 
(which  far  exceeds  in  thickness  and  importance  the  two  for« 
mer,)  has  been  already  given.  Since  the  subdivisions  into  which 
it  may  (occasionally  at  least)  with  propriety  be  resolved,  are  so 
numerous  that  it  would  introduce  some  confusion  to  treat  of 
them  all  in  a  single  section,  at  the  same  time  that  many  of 
them  cannot  be  considered  as  either  sufficiently  universal  or 
extensive  to  be  entitled  each  to  a  separate  section ;  and  since 
an  arrangement  so  minutely  divided  would  both  have  perplexed 
the  memory  and  given  rise  to  much  unavoidable  repetition,  we 
shall,  led  by  the  great  principle  of  convenience,  attempt  to 
reconcile  as  far  as  may  be  consistent  with  that  precision  an4 
generalization  of  method  which  appear  desirable^  pursue  a 

,    ♦  Chiefly  by  the  Rev.  W.  D.  Conybeart^ 
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Ifttdlte  Goi]k*se,  and  assign  to  this  system  two  sections;  viz. 
Hie  present,  to  its  upper,  and  the  ensuing,  to  its  lower  beds  j 
dnd  this  division  will  be  sufficiently  natural,  sino^  ail  its  uppe^ 
lieds  may  fairly  be  regarded  as  subordinate  to  the  great  oolite, 
sAd  all  the  lower  to  the  calcareo-siliceous  sand  which  forms 
the  base  on  which  it  rests,  although  the  line  at  the  junction  of 
the  upper  and  lower  beds  must  still  be  drawn  in  a  somewhat 
sirbitrary  manner.  In  the  present  section  then  it  will  be  our 
(^ject  to  treat  under  the  several  usual  heads,  of  all  the  cir- 
cumstances connected  with  the  upper  beds  subordinate  to  the 
great  oolite,  noticing  in  order  under  each  head  the  characters' 
of  the  several  subdivisionsi 

(o)  Chemical  and  external  characters.  Viewed  generally,* 
the  chain  of  hills  composed  of  this  oolitic  system  will  be  found 
t&  consist  of  one  great  oolitic  ma^s,  resting  upon  the  beds  of 
<M(careo*siliceous  sand  (itself  containing  some  beds  of  coarser' 
odlite)  which  we  have  referred  to  the  next. section;  but  on' 
iflore  minute  examination  it  will  be  found  that  the  ujaper  part 
<^  this  great  oolitic  mass,  forming  the  acclivity  of  the  hills 
where  they  rise  from  the  valley  occupied  by  the  Oxford  clay^ 
jWesent  strata  of  a  character  sufficiently  distinct  from  the  great 
body  of  the  oolite  to  entitle  them  to  a  separate  description ; 
theiSe,  instead  of  rising  in  thick  masses,  are  generally  either 
fissile  or  rubbly ;  are  much  mingled  with  clay,  forming  as  it 
Were  a  link  between  the  principal  deposit  of  purely  oolitic 
beds,  and  the  succeeding  argillaceous  beds ;  in  place  of  the 
yellowish  tinge  of  the  oolite,  they  have  very  generally  a  blue 
colour,  or  in  some  beds  a  pasty  appearance  and  a  dead  white 
colour  not  unlike  chalk.  As  far  as  our  observations  at  present' 
extend,  it  should  appear  to  be  impossible,  or  nearly  so,  to 
trace  any  divisions  of  these  upper  beds  resting  on  the  great 
body  of  the  oolite,  which  may  be  certainly  applied  to  every 
part  of  the  course  pursued  by  this  system  of  rocks  through 
the  island  ;  since  they  appear  rather  as  accidental  varieties  of 
this  great  oolitic  deposit,  where,  as  we  have  already  observed, 
a  mixture  of  argillaceous  precipitates  led  the  way  to  the 
great  "mass  of  the  latter  character!  which  prevailed  in  the 
next  succeeding  period.  In  some  instances,  however,  the  pre- 
cipitates of  argillaceous  and  calcareous  matter,  during  this 
intermediate  period, '  appear  to  have  followed  one  another 
alternately,  at  sufficient  intervals  to  allow  the  formation  of 
tolerably  thick  beds  of  either  kind,  which  may  be  traced  with 
regular  order  through  tolerably  extensive  districts;  and  even 
where  this  regularity  does  not  absolutely  exist,  still  a  general 
uniformity  of  character  will  be  found  to  distinguish  the  upper' 
members  of  the  series  from  its  other  portions. 
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In  the  neighbourhood  of  Bath,  and  throughout  an  exte&tfirf 
tract  in  the  adjacent  counties  of  Gloucester,  Somerset,  and 
tVilts,  this  re^laritj  is  the  most  observable;  and  we  shall 
therefore  proceed  to  draw  our  descriptions  principally  from 
this  district,  premising  that  our  materials  will  be  in  great  mea« 
sure  derived  from  the  various  publications  of  Mr.  Smith,  to  the 
great  accuracy  of  whose  observations,  as  relating  to  the  district 
\xL  question,  we  can  from  personal  examination  bear  the  highest 
testimony,  although  we  cannot  agree  with  him  In  believing 
that  these  minute  divisions  can  be  traced  or  indeed  exist 
throughout  the  whole  course  of  the  great  system  of  oolites  of 
which  we  are  now  treating,  as  regular  beds,  decidedly  di&tinc  t 
from  each  other. 


-  A  general  idea  of  the  stratification  of  this  district  will  be 
afforded  from  the  section  in  the  note,  *  the  result  of  a  careful 
e^^amination  of  it  under  the  guidance  of  the  Revd.  Mr. 
Richardson  :  we  shall  proceed,  therefore,  more  particularly  to 
state  the.chemical  and  external  characters  of  the  upper  oolitic 
beds  in  the  order  here  exhibited. 

The  Corhbrash  (No.  2),  (No.  1  being  the  lowest  beds  of  the 
clay  described  in  the  preceding  article),  is  a  loose  rubbly  lime* 
stone,  of  a  grey  or  bluish  colour,  especially  near  the  super* 
incumbent  clay,  but  on  the  exterior  brown  and  earthy  ;  it  risei 
in  flattish  masses  rarely  more  than  six  inches  thick.  The 
upper  beds  of  the  third  oolitic  system  in  Oxfordshire,  which 
are  with  probability  referred  to  this  rock,  are  often  of  a  pasty 
or  chalky  consistency  and  colour.  In  Wiltshire  it  is  known 
by  the  name  of  the  combrash  or  corn-grit.    The  latter  appeU 

*  SectioH  iff  tht  neighbourhood  of  Tetthford  and  Farky  Cattit^  ten  miles  toutk 
of  Bath, 

1.  Lower  part  of  the  Oxford  or  clunch  clay  full  of  telenite. 

t.  Combrash from  8  to  16  feet. 

8.  Clay .8tol4 

4.  Calcareo-siliceous  sand  and  gritstone usually  about  10 

but  near  Norton  swelling  to • 40 

5.  Forest  inarble«i..< 18 

6.  Sand  beneath  the  forest  marble 2 

but  sometimes  swells  like  No.  4  to  a  greater  thickness. 

7.  Clay from  40  to  60 

sometimes  however  thinning  off  to  , 80 

8.  Greatoolite 130 

Mr.  Smithes  Section  of  the  strata  through  Hampshire  and  Wilts  to  Bath 
may  also  be  adrantageously  consulted  with  reference  to  this  district.  T^ 
qnly  inaccuracy  which  deserves  mention  is,  that  the  cap  of  the  lower  bed^ 
of  the  great  oolite  oa  the  hill  aboTC  Mitford  Cattle  is  not  distinctly  tepre- 
•toted.  ^ 
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lation  however  fs  improper,  because  it  is  tiot  a  grit ;  being  her^ 
mbbty,  it  is  not  fit  for  any  purpose,  excepting  for  lime  and  th^ 
repair  of  the  highways ;  but  at  Malmesbury  (T.  p.  267,)  where 
it  is  thick  and  solid,  it  is  much  quarried  for  building.  Its  frag^ 
ttients,  rounded  at  the  edges,  may  be  noticed  as  they  are 
turned  up  by  the  plough,  either  round  Atford,  and  at  Wraxall, 
or  at  Chippenham,  and  the  interjacent  country.  It  may 
readily  be  discovered  by  the  superincumbent  red  soil  which 
constantly  attends  it.     (T.  103.) 

The  joints  of  the  rock  are  usually  separated  by  clay,  which 
makes  it  tenacious,  and  occasions  the  excavations  formed  in  it 
to  hold  water. 


No.  3.  The  clay  beneath  is  generally  white  near  its  junction 
with  the  cornbrash,  and  afterwards  blue« 

No.  4,  No.  5,  and  No.  6,  are  so  intimately  associated, 
that  they  require  to  be  described  together.  Thisv  assemblage 
consists  of  beds  of  limestone  generally  fissile  and  divided  by 
argillaceous  partings,  lying  between  two  strata  of  calcareo- 
siliceous  sand  and  gritstone;  the  lower  of  these  is  indeed 
generally  insignificant,  but  often  swells  into  greater  thickness 
and  importance  :  the^e  sandy  strata  appear  to  contain  about 
one-third  of  calcareoils  matter :  the  grit-stone  contained  in 
them  is  hard  enough  however  to  scratch  glass,  and  forms  irre« 
gular  slate-like  concretions.  The  limestone  lying  between 
these  sands  is  that  known  by  the  name  of  Forest  marble ;  its 
beds,  generally  speaking,  are  thin  and  slaty ;  sometimes  hoi^ever 
beds  of  two  or  three  feet  thick  may  be  found.  The  colour  of 
the  stone  is  generally  grey  or  bluish,  externally  brownish,  ap» 
pearing  on  examination  to  be  frequently  composed  of  a  con- 
geries of  dark  coloured  shells,  interspersed  with  white  oolitic 
particles :  bivalve  shells  are  most  common  in  the  thick  beds — > 
univalve  in  the  thin.  Decomposed  pyritical  wood  often  gives 
a  partial  redness,  and  some  of  the  johits  have  a  reddish  tinge  ; 
the  texture  of  the  stone  is  coarse-grained  ;  the  structure  of  its 
masses  fissile,  whence  coarse  roofing  slates  and  flag  stones  are 
in  general  use  in  the  villages  on  the  course  of  this  rook ;  the 
more  solid  beds  have  also  been  occasionally  worked  as  a  coarse 
marble,  being  susceptible  of  a  tolerable  polish,  and  variegated 
by  the  contour  of  its  imbedded  shells;  from  this  circumstance, 
and  the  occurrence  of  these  strata  in  Wbichwood  forest, 
Oxfordshire,  it  has  derived  its  name. 

The  partings  of  clay  between  the  beds  of  this  rock  vary  in 
thickness  from  less  than  an  inch  to  mqre  than  a  foot..  There 
can  be  little  doubt  that  the  Calcareous  slate  of  Stone^eld  n69,t 

2c2 


Digitized  by 


Google 


f04  ^BooJ^IL    €h^.IIL    OoUUcserieu' 

iWpodstook,  Oxfordshire,  8o  remarlmble  (as  wc  $Ml  hf  reiift^ 
hftre  occ?isiQn  to  observe)  for  the  singular  variety  of  its  organlp 
jemains,- among  which  the  spoils  of  birds,  land  animals,  au^ 
furipiubia,  occur  mingled  with  vegetables  and  sea  shells,  Jbeloiigfi 
to  the  same  part  of  the  series  with  the  forest  marble.  Thip 
assemblage  of  beds  here  worked,  consists  of  two  fissile  beds  of  ^ 
|)uff  coloured  or  grey  oolitic  limestone  called  pendfe,  ea^^ 
about  two  feet  thick,  separated  by  a  bed  pf  loose  cajcareof- 
siliceous  sandstone  called  race^  about  the  same  thickness.  Conr 
/cretions  are  frequent  in  the  latter  (G.  Notes),  and  are  <^j[ied 
jgphim'Stanes  or poilids;  they  are  partially  oolitic,  sopdetimes  bl\i^ 
in  the  centre,  and  vary  from  six  inches  to  two  feet  \n  diapiet^l' : 
their  form  is  generally  that  of  a  flattened  sphere ;  they  do  not 
^reak  concentrically,  but  into  parallel  plsmes*;  and  they  often 
contain  shells.  The  pendle,  after  being  quarried,  is  suffer^  ^ 
lie  exposed  to  the  action  of  a  lyinter's  frosts,*  and  the  blocks 
being  then  struck  on  their  edge  with  a  mallet,  freely>  separate 
into  slates  sufficiently  thin  to  afford  a  light  material  for  roofing* 
The  quarries  are  principally  situated  in  the  valley  inamediately 
on  the  south  of  Stonesfi  Id  village,  which  branches  oQ^eastwardf 
from  that  of  the  Even  lode.  The  mode  of  working  is  by  driving 
Jiorizontal  galleries  about  six  feet  high  into  the  side  of  the  bil^ 
and  then  extracting  the  two  strata  of  pendle  laterally,  pi|J9g 
up  the  refuse  masses  of  the  intermediate  bed  of  race,  so  as  t9 
support  the  roof :  deep  perpendicular  shafts  communicate  with 
these  galleries.  These  workings  have  been  carried  on  freoa 
remote  times  to  a  considerable  extent,  so  that  both  sides  of 
the  valley  are  completely  honey-combed  by  them;  Beautifully 
•plumose  stalactites  are  often  found  in  the  fissure^  of  the  rock, 
jmd  are  called  by  the  workmen,  from  an  obvious  though  coarse 
analogy,  tallow. 

,  Beds  of  calcareous  slate  also  occur  in  the  oolites  of  this 
system  at  Easton  and  Colly weston  in  Northamptonshire,  a  feif 
miles  south  of  Stamford,  and,  it  seems  probable,  belong  to  th^ 
same  part  of  the  series  with  those  above  described  ^  we  havi^ 
however  no  particular  description  of  these  quarries.  The  slat^ 
pf  Stonesfield  is  much  more  calcareous  than  that  of  Collyv* 
weston,  which  is  stated  by  Bishop  Watson  (Chem.  £ss.  vol,  in 

*  At  Stonesfield.  the  pendle  is  raised  in  blocks  about  a  foot  thicky  an4 
only  between  Micnaelmas  and  January.  As  soon  as  they  are  raised,  the 
blocks  are  wetted,  and  covered  with  earth,  until  there  is  a  prospe(;t  of 
frost,  when  they  are  uncovered ;  but  if  the  frost  goes,  are  in^mediately 
covered  again,  or  they  would  not  split.  The  action  o£  Crost  opens  thJe 
joints  of  the  slates  sufficiently  for  a  blow  with  a  mfiUet  to  cpiifple^e  the 
operation.  The  price  of  slates  at  the  pit  is  abou|  40s4  pe«  1000  of  t,)^e 
ordinary  size,  but  they  have  been  obtained  so  large  ^21  feet  square.  /G. 
Kotcs)  .  "  • 
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{k  516)  to  imbibe  more  water,  and  retaia  it  for  aloifger  time 
than  the  Westmoreland  slate ;  but  it  doe«  not  imbibe  half  ao 
much,  nor  retain  it  one-fourth  the  time  that  a  common  tile 
does.  (G.  NotesO  In  this  part  of  the  country  ako,  the  esctrpr 
ment  on  the  right  bank  of  the  Nen,  between  Uigham  Ferrers 
and  Peterborough,  exhibits  beds  resembling  forest  «iarb(e  iMt 
Raunds  and  Stan  wick* 

The  whole  mass  of  this  oolitic  system  lU  Dorsetshire  i(fex* 
ceptiug  the  inferior  oolite  and  its  sand)  presents  the  fiMik 
character  of  the  forest  marble;  but  it  s^ems  more  prdbib{ie 
that  the  great  oolite  here  passes  into  this  structure  (as  it 
undoubtedly  does  occasionally  in  other  places),  than  ^hat  the 
forest  marble,  generally  a  suborbinate  bed  only,  shonM  here 
swell  to  such  a  disproportionate  thickness,  and  l^e  great  oolite 
itself  be  wanting.  -         ' 

^o.  7.  Clatf  over  the  upper  ooUie^  or  Bratfford  cla^j  c^Hislsts 
of  a  common  blue  marly  clay,  which,  at  the  point  of  its  contact 
with  the  great  ooUte,  is  replete  with  the  peculiar  orga^c  re*- 
mains  hereafter  to  be  described.  It  is  sometimes  wanting,  and 
it  then  becomes  impossible  to  distinguish  the  upper  beds  of 
the  great  oolite  from  those  of  the  forest  marble. 

No.  8.  Great  Oolite,*  This  is,  both  in  thickness  and  utility, 
by  far  the  most  important  of  the  British  oolites  :  it  consists  of 
a  stratified  calcareous  mass,  varying  in  thickness  irom  130  to 
more  than  200  feet ;  softer  and  harder  beds,  (the  former  cha- 
racterized by  those  distinct  oviform  concretions  which  give 
pame  to  this  series  of  rocks,  the  latter  ei^hibiting  them  more 
rarely  and  obscurely)  alternate  in  this  mass  of  strata.  I'he  for- 
mer afford  the  freestone  which  renders  this  rock  so  valuable ; 
but  these  strata  vary  much,  both  in  thickness  and  quality,  even 
in  quarries  in  the  same  neighbourhood*  The  Kettering  free* 
stone  of  Northamptonshire  is  rendered  es^tremely  beautiful  by 
the  dbtinctness  of  its  oolitic  structure :  that  of  Bath  has  gene- 
rally a  finer  grain  :  this  has  been  employed  in  the  late  repairs 
of  Henry  the  Seventh's  chapel  at  Westminster,  St.  Paul's  was 
built  principally  from  the  quarries  about  a  mite  north  of  Bur* 
ford  in  Oxfordshire.  Fragments  of  comminuted  shells  may  be 
observed  in  ail  the  varieties  mingled  with  the  ova,  but  so 
completely  broken  down  that  it  is  generally  impossible  to 
ascertain  their  species ;  hence  arises  the  rarity  of  inch  specie 
mens  from  this  rock,  and  our  consequently  imperfect  know<p 
ledge  of  its  fossils.  The  colour  of  the  freestone  beds  is  gene- 
rally wlute  with  a  light  cast  of  yellow.  Of  the  other  beds^ 
some  are  grey,  some  almost  blue  in  the  middle:  sometimes 

;  *  Wf  have  principally  copi€4  this  4eKnption  from  Mr.  Smitb^ 
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also,  beds  of  a  brown  femiginous  cast  are  interposed,  especially 
mt  the  bottom  of  the  series  near  its  junction  with  the  fullers* 
earth.  The  upper  beds,  in  which  the  shells  are  more  distinct^ 
and  which  afford  indifferent  freestone,  cannot  be  easily  dis- 
tinguished from  the  forest  marble.  The  structure  of  the  free- 
stone is  in  thickly  bedded  masses,  which,  if  traced  to  a  distance, 
will  often  be  found  to  thin  out.  Many  of  the  other  beds 
exhibit  a  laminated  cleavage,  not  parallel'  to  the  greater  lines 
of  stratification,  for  which  they  have  sometimes  been  mistaken^ 
«nd  thus  given  rise  to  accounts  of  highly  inclined  beds  alter, 
nating  with  horizontal  ones  in  this  rock :  many  appearances  of 
this  kind  may  be  seen  in  the  quarries  near  ^dmington  park^ 
the  Duke  of  Beaufort^s  seat  in  Gloucestershire. 

Traces  of  magnesia  have  been  discovered  in  sothe  of  thes^ 
beds  on  the  Cotteswold  hills,  otherwise  they  appear  to  be  a 
tolerably  pure  carbonate  of  lime,  dissolving  in  acids  with  very 
little  residuum.  Thin  partings  of  clay,  and  sometimes  largd 
irregular  interposed  masses  of  that  substance,  may  be  observed 
between  the  upper  strata. 

(fi)  Mineral  contents.  Scarcely  any  thing  occurs  in  this 
series  which  deserves  to  be  noticed  under  this  head.  Calcareous 
spar  is  almost  the  only  substance  which  presents  itself.  Of 
this,  the  finest  specimens  are  those  from  Stonesfield,  which  are 
of  a  bright  transparent  yellow ;  they  occur  as  stalactitic  masses, 
forming  sometimes  fine  slender  tubes,  and  sometimes  beauti« 
fully  radiated  and  plumose  crystallizations.  Quartz  crystals 
have  been  found,  but  are  extremely  rare ;  and  even  that  uni# 
versal  mineral,  iron  pyrites,  is  scarcely  to  be  seen, 

(c)  Organic  remains.  The  variety  and  abundance  of  thes^ 
compensates,  as  is  usual  in  the  secondary  rocks,  for  the  bar-« 
renness  in  their  mineralogical  list :  here  we  have  also  in  one 
bed,  the  most  singular  assemblage  of  organic  remains  presented 
perhaps  in  any  formation,  comprising  land  animals,  birds,  in^ 
«ect$,  amphibia,  fishes,  shells,  and  vegetables.  The  organic 
remains  are  however  chiefly  to  be  sought  for  in  the  upper  beds, 
the  great  cK>lite  itself  affording  but  few  perfect  specimens, 
although  replete  with  comminuted  fragments.  We  shall  pre- 
mise some  general  observations  on  the  distribution  of  these 
remains  in  the  different  beds,  and  then  give  lists  in  parallel 
columns  of  the  shells  which  have  been  figured  from  each  of 
them. 

The  Cornbrash^  as  Mr.  Smith  observes,*  though  altogether 
but  a  thin  rock,  has  not  its  organized  fossils  equally  diffused  ot 

♦  The  following  notices  art  principally  copied  from  Mr.  Smith,  as  far 
at  the  beguming  of  the  notice  qH  thf  particular  fa^nilies  of  organic  remains* 
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bromiscttOttSly  distribute :   the  upper  beds  of  stone  which 
compose  the  roclc>  contain  fossils  materially  different  from  those 
in  the  under ;  the  clusters  of  small  oyster  shells  and  the  stems 
of  the  pentacrinus  lie  near  together,  and  not  many  others  are^ 
found  near  the  bottom  of  the  rock. 

In  the  Forest  marble^  though  its  various  beds  are  composed 
of  little  else  but  a  mass  of  shells,  loose  and  whole  specimens 
are  rare,  and  extracted  with  great  difficulty.  A  few  however 
are  occasionally  found  in  the  clay  between  the  stone ;  bones^ 
teeth,  and  wood,  firmly  imbedded  in  the  rock,  are  some  of  its 
i^ost  characteristic  indications.  Pickwick  and  Atford  quarries^ 
a  few  miles  east  of  Bath,  used  to  be  most  famous  for  these  ; 
Vut  since  it  has  been  generally  understood  that  the  same  stra- 
tum may  uniformly  be  expected  to  produce  the  same  organized 
fossils,  other  quarries  of  the  same  stone  have  been  searched 
and  found  to  contain  th^m.  Small  turbinated  shells  are  fre« 
quent  in  this  rock:  the  univalves  are  more  common  in  the 
thin,  the  bivalves  in  the  thicker  beds. 

If  the  Calcareous  slate  of  Stonesfield  be  correctly  assigned 
to  this  part  of  the  series  (which  is  rendered  still  more  probable 
by  the  occurrence  of  the  same  teeth  and  palates  in  both  in* 
stances)^  we  here  find  the  only  known  instance  in  which  the 
remains  of  birds  and  terrestrial  animals  have  been  found  in 
beds  of  antiquity  at  all  apprpaching  to  these ;  they  here  occur 
mingled  with  winged  insects,  amphibia,  sea  shells,  and  vege- 
tables, presenting  at  ouce  the  most  interesting  and  difficult  of 
problems  connected  with  the  distribution  of  organic  remains. 

The  Clay  above  the  great  oolite  contains  few  fossils,  except 
ifk  its  lowest  bed,  where  in  immediate  contact  with  the  upper 
surface  of  the  subjacent  oolites ;  but  in  this  point  it  abounds 
with  remains  of  the  pear  encrinus,  with  many  small  coralloids, 
and  several  peculiar  terebratula. 

.  The  Great  oolite.  In  the  great  mass  of  this  rock,  as  has 
been  before  observed,  perfect  remains  are  rare,  from  the  gene- 
rally comminuted  state  in  which  they  occur)  in  some  of  the 
upper  beds  however  they  are  more  easily  distinguished.  Many 
small  turbinated  shells,  like  those  of  the  forest  marble,  here 
occur  in  the  stone,  and  a.  bed  containing  numerous  madrepores, 
several  of  which  appear  identical  with  those  of  the  coral  rag,  is 
also  found  in  part  of  the  series.  Most  of  the  fossils  of  the  sub- 
jacent clay  are  also  common  to  the  upper  beds  of  the  oolite. 

We  proceed  to  a  more  particular  enumeration  of  the  families 
of  organic  remains  occurring  in  these  beds. 

Vertebral  ahimals,-^ Mammalia.  The  calcareous  slate  of 
Stonesfield  presents  bones,  believed  by  Mr.  Cuvier  to  belong  to 
Ji  species  of  Didelphys,  one  of  the  opossum  tribe  ^  they  are 
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absolutely  imbedded  in  the  slate,  together  with  various  marrn«r 
remains,  and  not  subsequently  intruded  into  its  fisSureS ;  they 
present  therefore  an  unique  instance  of  the  occurrence  of  beingi 
of  such  an  order,  in  strata  older  than  the  youngest  memliers  of 
the  superior  or  tertiary  class.^ 

Oviparous  QUAORUPrns. — SauH.  A  well  characterized  cro- 
codile, but  of  a  species  distinct  both  from  those  now  known  to^ 
exist,  from  those  found  in  a  fossil  state  in  Germany,  and  from 
one  at  least  of  the  French  fossil  species,  has  been  dug  up  at 
Gibraltar  near  Oxford,  and  is  now  in  the  collection  of  that 
Vniversity ;  it  is  from  a  bed  towards  the  upper  part  of  this 
oolitic  system,  perhaps  the  Combrash. 

An  immense  animal,  approaching  in  its  dentition  and  cha«' 
racters  to  the  Monitor,  occurs  at  Stonesfield  in  the  calcareous' 
slate ;  specimens  have  been  found  which  must  have  belonged 
te  an  animal  40  feet  long  and  12  high :  the  lower  jaw  vertebrsr 
and  extremities  are  preserved  in  the  Oxford  collection.  In 
many  respects  this  animal  bears  a  great  analogy  to  the  Lacerta^ 
gigantea,  described  by  Soemmering  in  the  Munich  Transactions 
as  being  found  in  Bavaria.  See  a  translation  of  his  Memoir  in 
the  Annals  of  Philosophy  for  September  1821. 

The  Ichthyosaurus  has  not  yet  been  noticed,  but  as  it  occurs 
in  the  beds  both  above  and  below  these,  it  is  probably  to  be 
found  in  this  part  of  the  series  also. 

Testudines. — Remains  of  two  or  three  species  of  Tortois^p 
occur  in  the  Stonesfield  calcareous  slate. 

Fishes. — Teeth,*  palates,  and  vertebrafe  of  fishes  of  several 
varieties  are  found  both  in  the  Stonesfield  slate  and  in  the 
forest  marble  of  Atford  near  Bath :  the  same  varieties  seem  tiy 
be  common  to  both  places. 

Binns.-^Leg  and  thigh  bones,  apparently  belonging  to  birds, 
are  imbedded  in  the  Stonesfield  slate. 

Insicts. — CoUoptera.  Specimens  which  have  been  decidedly 
pronounced  by  Dr.  Leach  to  be  the  Elytra  of  Coleopterous 
insects,  occur  in  the  Stonesfield  slate ;  they  are  of  two  or  three 
different  species. 

Caustacea.*-^Two  or  three  varieties  of  the  Crab  or  Lobster 
tribe  occur  also  in  the  Stonesfield  slate. 


*  These  little  fbssil  productions  were,  t  century  since,  in  common  use 
with  the  ladies,  as  ornaments;  and,  what  is  a  still  more  singular  ctrcum- 
stance  connected  with  their  history,  they  seem  to  have  been  applied  to  the 
same  purpose  by  our  ancient  British  ancestors :  as  several  strings  of  them 
were  discoverea  in  the  Wiltshire  Barrows,  among  other  ornaments,  opened 
by  the  late  Mr.  Cunnington,  of  Heytesbury ;  and  now  preserved  by  his 
widow,  in  her  exquisite  collection  of  Banow  antiquitiet. 
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It  is  impossible  to  close  this  list  of  the  remains  of  so  many 
tribes  of  the  rarest  occurrence  in  a  fossil  state,  and  mostly  un- 
known in  the  older  rocks,  thus  singularly  assembled  and 
mingled  together  in  a  single  and  insi^aificant  formation,  and 
that  in  one  limited  spot,  without  remark.  Those  acquainted 
with  the  general  distribution  of  organic  remains,  but  not  with 
the  locality  in  question,  would  naturally  be  led  to  suspect  that 
some  of  them,  for  instance  the  remains  of  the  didelphys,  th« 
birds,  and  the  coleopterous  insects,  must  have  been  introduced 
into  fissures  of  the  regular  strata  at  a  subsequent  and  compara- 
tively recent  period,  in  the  same  manner  as  the  bones  discovered 
in  the  rock  of  Gibraltar :  but  the  slightest  examination  of  the 
spot,  or  even  of  the  slabs  brought  from  thence  and  containing 
these  remains,  will  at  once  remove  this  suspicion,  since  they 
are  found  intimately  associated  with  the  shells  which  charac- 
terize this  part  of  the  oolitic  series.  The  beds  themselves  are  , 
ako  most  clearly  to  be  traced  holding  a  regular  course  together 
widi  the  superior  and  inferior  beds  of  this  oolitic  system,  and 
cannot  therefore  be  considered  as  a  local,  overlying,  and  recent 
deposit.  Several  varieties  of  shells,  the  most  characteristic  of 
which  is  a  small  studded  trigonia,  and  several  vegetables,  prin- 
cipally flags,  ferns,  and  mosses,  occur  in  the  same  beds.  Speci- 
mens of  all  these  remains  are  preserved  in  the  collection  at 
Oxford;  and  Professor  Buckland  has  obtained  beautiful  and 
accurate  drawings  of  the  whole  series.  It  is  greatly  to  be 
desired  that  these  may  shortly  be  submitted  to  the  public. 


We  must  account  for  the  presence  of  the  Didelphys,  birds, 
and  Coleopterous  insects,  in  the  same  manner  as  we  do  for  the 
wood  and  remains  of  land  vegetables  not  unfrequent  in  the 
strata :  the  amphibia  may  have  belonged  to  specie^  principalljr 
marine.  It  is  evident  from  peculiarities  in  their  structure,  that 
many  of  the  fossil  animals,  generally  resembling  the  amphibia, 
lived  entirely  or  almost  so  in  the  sea,  and  were  to  the  now 
existing  amphibia  what  the  cetacea  are  to  mammalia. 
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Tesiacea. 

MULTILOCULAR  UnIVAJUTES. 

Ammonites. 


Combrash.     iForestMarbk.] 


Clay  &oer 
ooUle. 


Great  ooUte^^ 


A.  Discus.  T.  12.|specimen8  in  these  strata  scarce  and  ill  defined 
Vautilus. 
Nautiltu;  one 
variety  in  the 
Stonesfield 
skte. 


Belemnites, 

a  fusiform  be- 
lemnite  in  the 
Stonesfield 
slate. 


a  small  slender 
belemnite. 


Unitaltes  not  chambered. 


Fokita. 
Turbo. 
TurrUelUt. 
Rostellariaf  same 

as  in  Kelloways 

stone. 
Ampullaria. 
Natica?    Smith, 

fig.l. 


PatellaTVtgqsz, 


Turntella. 
Rost  ellaria; 
Smithy  fig.  3. 


Ancilla ; 
Smith,  fig.  3. 


TurrUella. 


[Trochus. 
(Annelidas  of  Lamarck.) 


ill  defined  tra- 
ces and  castSy 
perhaps  of 
Turbo^MeUu 
nia^kAncilla. 


TCBULAE  IBREGULAJl  UnITALYES. 


Serpuhj  seyerMSerpula. 
species*  | 


ISerpuhy  seveASerpula. 
ral  species*     \ 
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BiTALYES  EQUITALTE9. 

Claff  above  the 


Combrash. 


Modiola, 
M.  imbricata. 

T.212.  f-1.3 
M,  aspera. 

r.212.  f.4. 
M,  plicata, 

r.248.  f.  1. 
Unio. 
£7.  acuta,  r,  33 

f.  5.6.7. 
U. Smith, 

f.7. 
Trigonia. 
T.  clavellata. 

T.  87. 
T.  costata. 

r.  85. 

Cardium. 

C. Smith, 

f.  6. 
Cardiia  ? 
C.  deltoidea. 
3;\197.  f.4. 
C  lirata. 

T.197.  f.  3. 
C^roducta. 
T.  197.  f.  1. 
My  a? 
Venus ? 
r,.  Smith,  f.5. 


Forest  marble, 


T.  costata. 
T.  85. 


Mya. 
Venus f 


oolite. 


Modiola^  seve- 
ral species. 


r.  costata. 
T.85. 


Inequivalved. 


Ostrea, 
O.  Marshii. 
T.48. 

Pecten. 
.  P.  fibrosus. 
.    T.136.2. 
.  P.  laminatus. 
T.205.  f.4. 


0»  crista  galli. 

Ostrea 

Smith,  f.  4. 

P.  fibrosus. 
T.  136.  2. 

P 

Smith,  f.  5. 


Venus ? 


O.  crista  g^lii. 

O.  acuminata. 

r.135.2. 

P.  fibrosus. 
T.  136.  2. 


Great  oolite. 


The  fossils  of 
this  bed  having 
(from  the  diffi- 
culty of  procu- 
ring detached 
specimens) 
been  little  ex- 
amined, this 
list  is  very  im- 
perfect. The 
upper  beds 
contain  most  of 
the  shells  in 
the  preceding 
column. 


0*  crista  galli. 


Pecten. 
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Cornbrash. 


Forest  marble. 


A.  costata. 
T.244.  f.  1. 


Terebratula ; 
a  nonplicated 
species  not 
figured. 


7\  digoha. 
T.96. 


Terebratuhy  , 
not    figured  ; 
same  as  in  the 
superincum* 
bent  clay. 


Avicula, 
u/.  echinata. 

T.  243. 
A,  costata. 

T.244.  f.l. 
lAma. 
L.  gibbosa. 

T.  152. 
Terebratula  (not 
plicated.) 
T.  subrotunda. 

T.  15.  f.  1&2. 
T.  intermedia 

r.l5.  f.8. 
T.  digona. 

T.90. 
T.  omithoce- 
phala.  T.lOl. 
f.  12. 4. 
T.  obovata. 
T.  101.  f.  5 
Terebratula 
(plicated.) 

T  obsoleta T.  obsokta, 

T.  83.  7.  T.  83.  7. 

T.  reticulata. 
Smith,  f.  10. 
Chama. 
6*.  crassa. 

Smith,  f.  6. 
Plagiostomay    Plagiostoma ; 
Smith,  f.  7.       same  as  in  the 
superincum- 
bent clay. 

From  the  Testacea,  we  may  proceed  to  the  Echinitalfamify. 
Here  we  have  several  species  of  the  family  Cidaris,  which  do 
not  appear  to  be  strongly  distinguished  from  those  of  the  coral 
rag,  and  occur  principally  in  the  Cornbrasb,  in  the  clay  over 
the  great  oolite,  and  in  the  upper  beds  of  that  rock.  Of  the 
family  Clypeus,  the  Clypeus  sinuatus  and  clunicularis  appear 
to  be  found  in  all  the  beds ;  and  in  the  Cornbrash,  and  claj 
over  the  great  oolite,  is  a  very  depressed  species  of  Conulos^ 


Clay  above  the 
oolite. 


Great  oolite. 


T.  obsoleta; 
r.  83.  7- 
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lich  might  at  first  sight  be  mistaken  for  Clypeus  sinuatus 

ith  its  sinus  filled  up  by  the  stony  matter  of  its  matrix. 

Of  the  Encrinital  family^  the  Cornbrash^  forest  marble^  and 

eat  oolite  present  some  species  of  Pentacrinites,  and  the  clay 

fer  the  great  ooHte,  together  with  the  upper  beds  of  that 

>ck,  is  distinguished  by  that  beautiful  and  well  known  species 

he  Pear  Encrinite  of  Bradford,  the  Apiocrinites  of  Mr.  Miller's 

.Ponograph  of  this  class,  in  which  full  details  of  the  anatomical 

structure  of  these  singular  beings,  and  engravings  on  the  most 

ample  scale  are  given.     We  refer  for  particulars  to  the  table 

of  the  geological  distribution  of  the  Encrinites  accompanying 

that  work.*  

The  class  of  Madrepores^  or  iamelliferous  Polyparia  of 
Lamarck,  presents  several  species  in  a  bed  near  the  top  of  the 
great  oolite.  Sufficient  attention  has  scarcely  been  given  to 
them  to  distinguish  between  the  species  of  this  series  and  the 
eoral  rag ;  it  appears,  however,  on  the  whole,  that  a  turbinated 
Caryophyllia,  a  large  ramose  one  approaching  Caryophyllia 
carduus,  and  small  clustered  ramose  one  approaching  C.  flexu« 
osa  or  cespitosa,  are  hardly  to  be  distinguished  from  those  in 
the  coral  rag :  that  the  same  remark  wilt  apply  to  a  variety 
of  Astrea  approaching  A.  favosa,  but  that  there  are  some  other 
varieties  of  Astrea  distinguished  by  the  nodular  form  of  their 
mass,  and  the  delicacy  of  their  stars,  which  seem  peculiar  to 
the  great  oolite ;  and  that  a  branching  species  of  oculina  co- 
vered with  stars  laterally  disposed,  is  also  peculiar  to  the  great 
oolite,  and  some  of  its  immediately  superjacent  beds. 

These  remarks,  however,  are  offered  only  in  the  conviction 
of  their  being  very  imperfect  j  and  with  the  intention  of  lead- 
ing to  further  examination  of  this  subject.  Figures  of  some  of 
these  may  be  seen  in  Smith's  plate  of  the  fossils  of  the  oolite. 
The  forest  marble  contains  a  few  species  of  astrea. 

The  clay  above  the  great  oolite  contains  a  species  of  ci/cloliie 
(madrepora  porpites),  a  tubipore^  and  a  small  but  beautiful 
variety  of  branching  millepore^  with  the  pores  most  elegantly 
arranged  in  spiral  lines  round  the  branches.  Lamouroux,  in 
his  additions  to  his  republication  of  Ellis's  work  on  corals,  has 

*  Among  the  extraneous  fossils  imbedded  in  the  white  clay,  the  most 
interesting  are  the  Encrinites,  first  noticed  by  the  Rev.  Benjamin  Richardson 
at  Burfield,  near  the  summit  of  the  hill,  on  the  southern  hanging  of  which 
Bradford  stands.  They  were  next  discovered  south  of  the  river,  on  the 
surface  of  the  rock,  in  the  same  bed  of  white  clay,  but  more  than  150  feet 
lower  than  Burfield,  and  a  little  elevated  above  the  level  of  the  river. 
Finally,  they  were  traced  on  the  summit  of  the  opposite  bill,  yet  always 
deposued  in  their  proper  bed.    (T.  1268.) 
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given  correct  figures  of  this  fossil  under  the  name  Terebellariu 
ramosissima,  PL  82.  fig*  1* ;  it  is  also  coarsely  figured  in  Smith'a 
plate. 

From  the  figures  giTen  by  Lamouroux,  a  flustriform  coral- 
loid,  Berenicca  diluviana  PL  80.  fig.  3,  and  one  of  the  Cellariae, 
Alecto  dichotoma  PL  81.  fig.  12.  Two  small  varieties  may  be 
cited  as  often  found  in  the  clay  above  the  great  oolite  investing 
its  shells.  

Irregular  cylindrical  branches  often  occur  in  all  these  beds, 
which  appear  to  have  derived  their  origin  from  akyonia^  and 
in  the  great  oolite,  well  characterized  fragments  of  these 
zoophytes,  exhibiting  distinctly  their  spongy  and  cellular  tex- 
ture, may  be  frequently  traced.  In  the  upper  beds  of  the 
great  oolite  we  may  observe  congeries  of  minute  mille pores  and 
cellepores,  and  the  small  varieties  of  tubercular,  ramose,  and 
perforated  sponges,  figured  by  Lamouroux,  tab.  84.  f.  5  to  10. 
as  distinct  species,  but  which  are  more  probably  only  indi- 
viduals in  difierent  stages  of  growth  and  states  of  contraction. 


In  ail  these  beds  fragments  of  fossil  wood  may  be  traced, 
and  more  particularly  in  the  forest  marble. 

The  Stonesfield  calcareous  slate  exhibits  many  beaudful 
vegetable  impressions,  chiefly  ferns,  flags,  and  mosses,  many 
of  which  nearly  resemble  those  of  the  coal  formation. 

(rf)  Range  and  extent.  The  formations  from  the  com^ 
brash  to  the  great  oolite  inclusively,  form  the  mass  of.  a  well 
defined  range  of  hills  traversing  the  island  diagonally  from 
Yorkshire  to  Dorsetshire,  and  rivalling  or  surpassing  the  great 
chain  of  the  chalk  hills,  ia  continuity,  extent,  and  elevation. 
To  this  range  jVfr.  Smith  has  given  the  appropriate  name  of 
the  Stonebrash  hUls^  from  the  stony  fragments  mixed  with  the 
superficial  soil,  which  are  commonly  known  among  agricul- 
turists by  this  denomination.  It  will  facilitate  our  conception 
of  the  position  of  these  various  beds,  then,  to  state  that,  where 
they  can  be  distinguished  from  each  other,  the  Combrash  is 
generally  found  forming  the  first  acclivity  of  these  hills  where 
they  begin  to  rise  from  the  valley  occupied  by  the  Oxford . 
clay,  which  accompanies  them  on  the  east  and  south-east; 
that  the  forest  marble  and  calcareous  slate  extend  still  further 
on  their  rise ;  that  the  great  oolite,  emerging  from  beneath 
these,  forms  their  most  elevated  region  and  brow  ;  and  finally, 
that  the  subjacent  beds,  associated  with  the  inferior  oolite, 
imd  to  be  described  in  the  next  section,  are  displayed  in  the 
escarpment  and  slope  of  <  these  hills '  towards  the  west  and 
north-west;  the  lias  occupying  the  plains  at  their  foot. 
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Occasionally,  however,  especially  in  NorthamptoBshire  and 
Oxfordshire,  the  causes  (whatever  they  may  have  been)  which 
have  evidently  produced  great  degradation  and  wearing  away 
of  parts  of  this  chain,  have  denuded  the  cap  of  the  great  oolite 
near  the  escarpment  of  the  main  chain  of  hills,  and  thus  ex* 
posed  a  very  considerable  breadth  of  the  subjacent  sandy  beds^ 
causing  the  oolite  to  terminate  in  a  low  terrace  (yet  sensibly 
elevated  above  the  denuded  tract),  and  considerably  withm 
what  appear  to  have  been  its  ancient  limits.  This  fact  is 
clearly  indicated  by  the  occurrence  of  numerous,  scattered, 
and  insulated  masses  of  this  rock  dispersed  throughout  the 
denuded  space.  These  masses,  which  often  occupy  more  than 
a  square  mile  in  extent  (sometimes  several  miles)  occur  not 
only  as  regular  outliers  (i.  e.  forming  the  caps  of  insulated  hills 
in  the  regular  plane  of  the  strata),  but  also  in  the  lower 
grounds  and  valiies  surrounded  by  hills  of  the  subjacent  sands^ 
being  in  this  case  always  disposed  in  considerably  inclined 
planes^  as  if  they  had  been  precipitated  into  their  present 
situation  from  the  summits  of  the  adjacent  hills  over  which 
they  appear  to  have  once  extended.  We  may  conjecture  with 
much  probability  that  the  denuding  cause  which  has  manifestly 
excavated  the  valleys  of  this  tract,  (and  which  may  possibly 
have  been  the  currents  of  the  retiring  waters  beneath  which 
all  the  secondary  beds  of  our  present  continents  have  obviously 
been  formed)  undermined,  in  the  course  of  its  action,  these 
masses,  by  removing  the  loose  materials  of  the  subjacent  sand : 
while  the  more  solid  beds  of  the  incumbent  ^oolite  partially 
resisted  its  destructive  agency,  and  left  behind  these  relics  of 
Its  Conner  extent. 

These  particulars  may  indeed  seem  more  closely  connected 
with  some  of  the  following  heads  of  description,  than  with  the 
range  and  extent  of  these  strata ;  but  they  will  be  found,  as  we 
proceed,  so  essential  to  the  full  elucidatimi  of  the  present  sub*- 
ject,  that  they  could  not  have  been  omitted  in  this  pkc^with- 
eut  manifest  inconvenience  :  a|id,  having  thus  obtained  a  clear 
view  of  the  general  circumstances  connected  ^ith  the  position 
of  these  rocks,  we  shall  be  enabled  to  trace  more  readily  and 
rapidly  the  particulars  of  their  local  distnbution. 

Although  these  beds  form  (with  very  partial  interruptions 
arising  from  the  overlying' of  the  chalk  and  green  sand  for- 
mations near  the  two  extremities  of  the  line  in  Yorkshire  and 
Dorsetshire)  a  continuous  zone  extending  across  the  island 
from  north-east  to  south-west,  and  have  their  track  marked  by 
a  line  of  hills  which,  considered  in  a  general  light,  must  be 
regarded  as  a  single  chain;  yet  it  seems  necessary  to  break 
Shis  extended  liue  into  shorter  intervals  for  the^  convenience  of 
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descriptioD,  since  we  have  to  attend  both  to  the  upper  beds 
and  superior  edge  as  well  as  the  inferior  edge  of  this  im- 
portant system :  and  were  we  first  to  trace  the  former,  and 
then  return  to  trace  the  latter,  through  the  whole  island,  the 
«ye  and  attention  would  be  fatigued  and  perplexed  by  th« 
necessity  of  recurring  twice  to  geographical  positions  essentially 
connected  with  each  other;  but,  by  dividing  the  line  into 
shorter  intervals,  and  tracing  the  superior  and  inferior  limits 
of  this  system  through  each  of  these  in  succession,  we  keep 
the  attention  fixed  on  the  same  district.  As  an  additional 
argument  in  favour  of  this  method,  it  may  be  stated  that  this 
long  chain  of  hills,  having  suffered  more  or  less  from  denu^ 
dation,  in  different  parts  of  its  course,  naturally  subdivides 
itself  into  distinct  groupes,  generally  corresponding  with  the 
divisions  we  shall  assume.  These  will  be,  I.  Yorkshire ;  Ih 
from  the  Humber  to  the  borders  of  Northamptonshire  and 
Oxfordshire ;  III.  Oxfordshire  ;  IV.  the  Cotteswold  or  Glou* 
cestershire  District ;  V.  Somerset  and  North  Dorset ;  VI.  South 
Dorset. 

I.  Course  through  Yorkshire,  In  pursuing  this  course  we 
shall  for  the  present  pass  slightly  over  Yorkshire,  reserving  to 
a  separate  article  the  considerations  which  influence  our  views 
as  to  the  identification  of  the  rocks  of  that  district.  We  shall 
now  therefore  simply  state  that  we  are  inclined  to  conisider 
the  oolitic  series  which  stretches  from  Scarborough  to  the 
Howardian  hills,  forming  an  escarpment  on  the  south  of  the 
sandy  hills  of  the  Eastern  Moorlands,  as  rather  belonging  to 
that  system  which  we  are  now  considering,  than  to  that  of  the 
coral  rag;  to  which,  on  account  of  its  corals,  it  has  been 
referred  both  by  Mr.  Greenough  and  Mr.  Smith.  Bending 
round  from  the  Howardian  hills  towards  the  south-east,  it  be- 
comes overlaid  and  concealed  by  the  chalk  and  green  sand 
hills  near  Pocklington ;  bat  acconling  to  Mr.  Smith's  late  map, 
reappears  in  the  same  line  at  North  and  South  Cave,  on  the 
banks  of  the  Humber ;  on  the  opposite  side  of  which,  in  the 
direct  continuation  of  this  line,  the  great  oolite  does  undoubt^ 
edly  make  its  appearance :  so  that  we  have  almost  the  evidence 
of  a  direct  continuity  of  the  strata  in  favor  of  the  view  here 
proposed. 

II.  Course  from  the  Humber  to  Oxfordshire.  From  the 
Humber,  the  Stonebrash  hills,  which  are  here  possessed  of  a 
very  small  elevation,  stretch  due  south  through  Lincolnshire, 
the  metropolis  of  which  stands  on  their  course.  They  at  first 
divide  the  vallies  of  the  Trent  and  of  the  Ancholme  navigation, 
and  afterwards  have  the  valley  of  the  upper  part  of  the  river 
Witham  on  the  west,  and  that  of  the  lower  part  of  the  ^Bm0 
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river,  which  trends  round  in  a  singular  manner,  on  the  east. 
Their  breadth  to  the  north  of  Lincoln  is  inconsiderable,  and 
here  the  great  oolite  almost  exclusively  prevails ;  but  to  the 
south  of  Lincoln  they  gradually  expand,  and  it  is  said  that 
near  Sleaford  the  comb  rash  can  be  traced  on  the  eastern 
slope  of  the  hills,  separated  from  the  great  oolite  by  a  thick 
bed  of  clay.  From  Sleaford  we  may  trace  the  upper  beds, 
which  will  of  course  indicate  the  inner  edge  of  the  tract  occu- 
pied by  this  series,  due  south  to  Peterborough :  *  then,  skirt- 
ing the  confines  of  Huntingdon  and  Northamptonshire,  and 
forming  the  escarpment  overhanging  the  Nen  at  Raunds  and 
Stanwickf  where  shelly  beds  of  a  blue  colour,  sufficiently 
compact  to  take  a  tolerable  polish,  and  apparently  agreeing 
with  the  forest  marble,  are  worked  for  ornamental  purposes. 
They  proceed  hence  south  to  Bedford,):  and  then  skirt  the 
Ouse  to  Buckingham  and  the  borders  of  Oxfordshire  ;  where, 
after  examining  the  middle  and  outer  edge  of  this  part  of  the 
oolitic  tract,  we  will  resume  our  account  of  their  course. 

Through  this  tract,  the  great  oolite  forms  a  zone  to  the  west 
of  the  places  above  mentioned.  It  does  not  appear  that  the  line 
of  demarcation  between  the  oolite  which  is  worked  in  the 
quarries  at  Stamford  and  Kettering  on  this  line,  and  the  upper 
beds  of  this  series,  can  be  traced  with  precision.  If  the  cal- 
careous slate  of  CoUyweston  (south  of  Stamford)  be  justly 
referred  to  the  forest  marble,  a  line  drawn  hence  by  Raunds 
and  Stanwick  will  however  ascertain  a  part  of  this  division. 

The  western  boundary  of  the  great  oolite,  and  its  junction 
with  the  subjacent  sands,  also  requires  to  be  more  carefully 
examined  through  the  south  of  Lincolnshire  and  Rutlandshirie. 
It  appears  to  extend  some  way  over  the  summits  of  the  sandy 

•  The  following  are  the  memoranda  made  by  the  author  of  this  article 
in  crossing  the  range  of  this  systrtn  of  beds  from  Peterborough  by  Stam- 
ford towards  Leicester.  «'  Between  Peterborough  and  Castor  a  stonebrash 
soil  prevails;  at  Castor,  beds  like  ihwe  of  the  forest  marble  may  be 
observed ;  at  Sutton  near  Castor  fine  oolite  is  worked ;  from  Wansford  to 
Stamford  a  closer-?rained  bufF  coloured  limestone  clouded  with  blue  pre- 
vails: the  same  character  extends  quite  to  the  edge  of  the  ereat  oolite 
about  two  miles  east  of  Uppingham,  where  it  is  succeeded  i>y  the  red 
coloured  beds  of  the  subjacent  sands.*' 

+  Improperly  included  by  an  extension  (though  a  very  slight  one)  of  the 
colour  assigned  to  the  Oxford  clay,  under  that  formation  m  Mr.  Greenough*s 
Map. 

\  These  beds  of  limestone  are  worked  in  the  north  of  Bedfordshire,  at 
Bletsoe,  at  Felmersham,  near  Bedford,  and  at  Turvey ;  and  on  the  north 
of  Buckinghamshire,  at  OIney,  Newport  Pagntll,  Thornton,  ^nd  Bucking- 
ham ;  at  Skerrington  field  near  Newport  Pagnell,  the  palates  and  teeth 
which  have  been  considered  as  characteristic  of  the  forest  marble,  have 
been  found  together  with  the  jaw  of  a  species  of  lacerta. 
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hills  which  overhang  the  tale  of,  Belvoir.  In  Rutlandshire,  it 
extends  within  two  miles  on  the  east  of  Uppingham,^  a  hroad 
interval  between  the  edge  of  the  great  oolite  and  the  lias, 
being  occupied  by  the  subjacent  sands. 

From  the  neighbourhood  of  Uppingham,  the  junction  of  the 
great  oolite  and  sands  appears  to  range  by  Rockingham  to 
Kettering  :  hence  a  narrow  tongue  of  the  great  oolite  proceeds 
south-west  towards  Northampton,  on  the  north-east  of  which 
town  it  forms  some  well  defined  hills  between  Weston  Favel, 
Kingsthorpe,  and  Boughton,  but  in  many  of  the  intermediate 
points  its  course  is  very  obscure ;  appearing,  as  it  were,  en- 
tangled among  the  subjacent  sands  which  occupy  a  broad 
denuded  tract  on  both  banks  of  the  Nen,  but  particularly  on 
.  the  north,  between  Peterborough  and  Higham  Ferrers.  On 
the  south  of  this  denudation,  the  great  oolite,  skirting  round 
Higham  Ferrers,  proceeds  along  the  summit  of  the  hills  hang- 
ing over  the  right  bank  of  the  Nen  (not  however  quite  extend, 
ing  to  their  escarpment),  and  ranges  about  a  mile  south  of 
Northampton.  It  thence  passes  a  little  on  the  south  of  Blisworth 
Tunnel  on  the  grand  junction  canal ;  but  there  occurs  a  de- 
tached portion  of  it  considerably  to  the  north  of  this  line  on 
the  east  of  the  road  from,  Northampton  to  Altborp,  extending 
from  Duston  to  the  edge  of  Lord  Spencer's  park.  This  oolitic 
tract  is  not  in  the  regular  and  elevated  plane  of  that  stratum, 
but  appears  to  be  a  vast  subsided  mass,  being  situated  at  a 
considerably  lower  level  than  the  hills  of  the  red  sand  (inferior 
to  the  oolite  in  regular  geological  position)  which  overhai^g  the 
town  of  Northampton;  particularly  Hunsborough  hill,  dis- 
tinguished by  its  ancient  circular  camp  :  yet  it  is  clearly  iden- 
tified by  its  characters  and  fossils  with  the  oolitic  beds  which 
occur  on  the  summits  and  backs  of  these  very  hills,  in  their 
regular  and  undisturbed  position.  The  exact  boundaries  of 
this  insulated  oolitic  tract  are  often  obscure ;  as  far  as  it  was 
possible  to  trace  them  in  a  single  examination,  they  are  cor- 
rectly indicated  hi  Mr.  Greenough's  Map. 

West  of  Blisworth  Tunnel,  the  oolite  advances  to  the  north 
as  far  as  Stowe-nine-churches ;  but  a  considerable  denudation 
again  exposes  the  subjacent  sandy  strata  in  the  neighbourhood 
of  Towcester,  round  which  town  the  inferior  edge  of  the  great 

*  The  colour  of  the  inferior  oolite  and  sands  in  Mr.  Greenough's  Map 
is  here  in  some  copies  carried  too  far  to  the  east ;  but  the  dotted  lines  are 
correct,  or  nearly  so. 

+  The  lines  of  junction  given  in  this  part  of  Mr.  Smith's  Map  arc  purely 
imaginary.  Mr.  Greenough*s  exhibits  a  near  approximation  to  correct- 
ness ;  absolute  correctness  could,  from  the  obscurity  of  the  ground,  be 
attained  only  by  an  observer  long  resident  in  the  county. 
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6olite  skirts  on  the  south  and  west,  about  two  miles  distant 
from  it,  proceeding  westwards,  by  Blakesly  to  Cul worth  (the 
exact  line  of  junction  being  however  in  this  part  of  its  course 
frequently  obscure)  :  hence  it  trends  to  the  south,  forming  the 
summit  of  the  range  of  hills  which  skirt  the  valley  of' the  Cher- 
well  about  five  miles  distant  from  the  course  of  that  river, 
which  it  approaches  still  nearer  at  Aynhoe.  * 

III.  Course  through  Oxfordshire,  Having  thus  traced  the 
inferior  edge  of  this  oolitic  system  into  Oxfordshire,  as  we 
have  previously  done  its  upper  edge,  we  shall  in  the  next  place 
trace  both  the  edges  through  that  county,  which  will  on  many 
accounts  form  a  convenient  division.  Resuming  then  our  ac- 
count of  the  upper  beds  on  the  borders  of  Buckinghamshire 
and  Oxfordshire,  whither  we  have  already  pursued  them,  we 
find  the  same  blue  and  shelly  beds  which  we  had  noticed  at 
Buckingham,  worked  at  Marsh  Gibbon,  Aimbrosdeo,  and  Mer- 
ton,  +  forming  a  very  low  swelling  ground  on  the  north  of 
Otmoor,  and  separated  by  a  tolerably  thick  bed  of  clay  from 
the  great  oolite;  at  Bletchingdon  about  three  miles  on  the  east 
of  Merton,  a  rock  appearing  to  possess  similar  characters  with 
the  forest  marble  has  been  worked  for  tomb-stones,  &c.  The 
pillars  in  the  inner  quadrangle  of  St.  John's  college  Oxford,  are 
from  these  quarries,  and  the  chimney-pieces  in  some  of  the 
neighbouring  villas  built  in  Charles  the  Second's  time,  appear 

*  The  residence  of  the  author  of  this  article  in-  this  part  of  the>  country 
has  enabled  him  to  trace  this  portion  of  the  course  of  the  oolites  more  in 
the  detail.  Culworth  village  stands  on  a  brow  formed  of  the  subjacent 
sandy  strata,  against  which  the  oolite  here  appears  to  terminate  abruptly, 
rangmg  immediately  on  the  south  of  the  village  t  hence,  the  line  of  junc- 
tion ranees  south,  passing  iust  above  the  brook  on  the  east  of  Thorpe 
Mandevnle  church,  where  the  whole  summit  of  the  kill  is  occupied  by  the 
subjacent  sand  There  is  however  a  subsided  mass  of  the  oolite  imme* 
diately  at  the  foot  of  the  hill  on  the  north-east  of  the  church ;  and  about 
five  miles  to  the  north  of  this  place  and  of  the  general  line  of  junction, 
there  is  another  subsided  mass,  near  Woodford,  half  a  mile  east«south-east 
of  the  village;  the  beds  here  dip  under  an  angle  of  30*  to^the  south,  and 
are  worked  as  limestone  quarries.  Proceeding  south,  the  oolite  attains 
the  brow  of  the  escarpment  looking  down  on  Marston  St  Lawrence,  oa 
which  the  villages  of  Gretworth  and  Farthtnghoe  are  built ;  thence  con- 
tinuing above  the  Spa  at  Astrop,  to  Aynhoe.  Strictly  speaking,  the  beds 
which  have  been  here  denominated  oolite,  are,  at  their  line  of  junction 
with  the  sands,  rather  to  be  considered  as  referable  to  the  fullers*  earth 
rock  of  the  neighbourhood  of  Bath  f  that  which  stands  at  the  head  of  the^ 
nett  section)  with  which  they  closely  agree  in  their  characters  and  fossils. 

f  Mr.  Smith  has  extended  tne  colour  of  the  clunch  clay  over  this  ridge  ;■ 
and  the  same  error  is  committed  in  most  copies  of  Mr.  Greenough's  Map; 
but  the  dotted  lines  placed  to  direct  the  artist  who  coloured  the  maps,  in«^ 
flicate  it,  though  they  have  not  been  attended  to.  The  lines  drawn  to 
indicate  the  course  of  the  forest  marble  in  this  part  of  Mr.  Smith's  Map,, 
-are  purely  imaginary. 
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to  have  been  formed  of  it.  The  rock  on  the  south  of  Bietch* 
ingdon,  as  far  as  Islip,  and  on  the  first  hill  beyond  this  village 
on  crossing  the  little  river  Ray,  »gi^e  sufficiently  both  in 
character  and  position  with  the  cornbrash^  At  the  point  last 
mentioned  they  approach  jwithin  half  a  mile  of  the  coral  rag 
series ;  so  that  the  intervening  clay  must  be  here  comparatively 
thin. 

If  any  regular  division  of  the  upper  beds  of  this  series  from 
the  great  oolite  can  be  here  traced,  it  must  probably  cross  the 
Cherwell  a  little  to  the  n^rth  of  Enslow  bridge  ;  since  the  beds 
at  Gibraltar,  close  to  this  place,  agree  most  nearly  with  the 
Corubrash.  Here  the  remains  of  a  well  characterised  crocodile 
have  been  found.  The  section  afforded  by  a  well  sunk  at 
Blenheim  appear  to  confirm  this  line ;  it  is  as  follows ;  lime- 
stone rock  70  feet ;  blue  clay  succeeded  by  a  lighter  clay  in 
which  was  the  water,  10  feet ;  total  depth  80  feet :  the  water 
was  probably  in  this  instance  carried  by  the  clay  above  the 
great  oolite.  The  crop  and  course  of  this  clay  on  the  surface, 
has  not  been  clearly  ascertained,  but  may  probably  be  traced 
along  the  ravine  between  Ditchley  and  Blenheim  parks,  and 
theu  along  that  on  the  north  of  Stonesfield  which  opens  at  the 
village  of  Fawler  (south  of  Charlbury)  into  the  valley  of  the 
£venlode.  Crossing  the  Evenlode,  the  forest  marble  beds  ap- 
pear to  crown  the  hills  through  the  forest  of  Whichwood, 
whence  its  further  course  will  be  most  conveniently  treated  of 
when  we  proceed  to  trace  the  course  of  these  beds  through 
Gloucestershire,  since  the  Evenlode  seems  to  form  the  natural 
boundary  between  the  system  of  hills  connected  with  the  up-, 
lands  of  North  Oxfordshire,  and  those  dependent  on  the 
Cotteswold  hills. 

The  boundary  of  the  Oxford  day  and  Cornbrash  may  be 
sufficiently  assigned  by  a  line  drawn  from  Kidlington  on  the. 
River  Cherwell  to  the  north  of  Lechlade  on  the  borders  of 
Gloucestershire. 

Having  thus  traced  the  inner  edge  and  upper  strata  of  this 
oolitic  series  through  Oxfordshire,  we  may  proceed  .to  trace, 
the  inferior  and  exterior  edge  through  the  same  district,  since 
the  natural  divisions  of  the  country  coincide  m  this  instance 
with  the  political,  inasmuch  as  the  range  of  these  beds  through 
Gloucestershire  (on  which  we  shall  next  enter)  forms  the  con- 
tinuous range  of  the  Cotteswold  hills,  which,  having  suffered 
less  from  the  denuding  causes  that  appear  to  have  ravaged  the 
tract  now  under  consideration,  present  less  complicated  phoe- 
nomena. 

We  have  before  traced  the  outline  of  the  great  oolite  at  its 
junction  with  the  subjacent  sandy  rocks  through  Northampton- 
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shire  to  Aynhoe  on  the  borders  of  Oxfordshire,  and  near  the 
banks  of  the  river  Cherweli.  It  crosses  that  river  between 
the  villages  of  Steeple  Ashton  and  North  Aston.*  Close  to 
the  brow  of  North  Aston  hill,  near  the  road  from  Oxford  to 
Banbury,  may  be  seen  a  junctiofi  of  the  fullers*  earth  rock  or 
lowest  bed  of  the  oolite  with  the  subjacent  sand,  and  below 
this,  near  the  bottom  of  the  valley  between  it  and  Dcddington^ 
a  subsided  mass  of  the  same  rock. 

From  North  Aston  the  junction  passes  by  Duns  Tew,  and 
then  crosses  the  valley  on  the  south  to  Worton  Wood  on  the 
north  of  Sandford.  The  oolitic  beds  then  keep  the  summit  of 
this  hill  to  Great  Tew,+  and  thence  range  about  half  a  mile  on 
the  north-west  of  Swerford,  forming  a  terrace  above  the  gene« 
ral  ridge  of  the  sand  hills  near  that  town.  In  the  valley,  how* 
ever,  between  Swerford  and  Great  Rolwright,  they  are  thrown 
down  by  a  considerable  subsidence,  pitching  in  a  steep  angle 
towards  its  bottom,  which  they  cross  close  to  the  entrance  of 
Swerford  park ;  and  lying  here,  as  in  a  hollow  trough,  again 
rise  towards  Great  Rolwright.  The  ridge  of  Rolwright  hill,  as 
far  as  Comwell  on  the  confines  of  Worcester,  Gloucester,  aoid 
Oxfordshire,  forms  the  extreme  line  of  the  great  oolite ;  but 
its  lower  beds  are  here  very  sandy,  and  not  to  be  distinguished 
without  difBiculty  from  the  substrata.  The  same  construction 
prevails  in  Chipping  Norton  hill ;  the  valley  separating  these 
hillsy  and  those  intersecting  their  branches,  exhibiting  the 
sandy  substrata.  The  junction  passes  by  the  hamlet  of 
Churchill,  and  crosses  the  Evenlode  near  Ascot  d'Oiley  on 
the  east  of  Shipton  near  Whichwood.l 

On  the  north  of  the  line  above  described,  between  the  Cher- 
well  and  the  Evenlode,  is  an  extensive  district  occupied  by  the 
brown  ferruginous  sands  so  often  mentioned  as  forming  the 
substratum  on  which  the  oolites  repose  in  this  part  of  their 
course.  Several  long  and  somewhat  lofty  ridges,  connected 
on  the  north  with  the  table  land  of  £dge  hill,  are  consti- 
tuted by  these  beds ;  but  in  the  lower  situations  throughout 
this  tract,  are  scattered  several  of  those  remarkable  insu- 

*  Mr.  Smith's  representation  of  the  line  of  this  junction  through  Oxford- 
shire, in  all  his  Maps,  is  purely  imaginary;  it  can  indeed  only  be  traced 
by  continued  residence  on  the  spot,  which  is  the  authority  on  which  the 
aoove  particulars  are  given.  The  representation  in  Mr.  Greenough's  Map 
is  perfectly  correct :  we  have  been  particular  in  stating  the  details,  as  they 
have  never  yet  been  presented  to  the  public. 

+  The  vallic^  vrithin  this  tract,  however,  occasionally  expose  the  sub- 
jacent sandy  beds  by  denudation,  as  may  be  s^en  at  Gagingwell  nes^r 
£uston. 

f  Mr.  Greenough**  Map  carriet  the  inferior  oolite  too  far  eastwards 
along  this  valley. 
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lated  and  subsided  portions  of  the  rocks  belonging  to  the  great 
i]k>lite  (the  original  superstratum  which  probably  extended 
over  this  district  before  the  excavations  of  its  vallies)  to  which 
we  have  already  alluded  in  the  beginning  of  this  article  :  of 
these  a  full  account  will  be  found  in  the  subjoined  note.* 

*  Since  thete  insulated  and  subsided  masses  of  the  oolitic  beds,  distant 
as  they  often  are  from  the  general  line  of  its  present  limits  present  an  in- 
teresting geological  phoenomenon,  and  are  also  important  to  tne  agriculture 
of  this  district,  as  aiFording  the  only  limestone  quarries  scattered  through 
an  extensive  sandy  tract,  it  may  not  be  unacceptable  to  add  a  more  de- 
tailed account  of  their  localities,  in  which  we  shall  refer  to  the  great  and 
accurate  survey  of  this  county  executed  by  Mr.  Davis  of  Lewkuor,  and 
published  by  Mr.  Gary.  Mr.  Greenoughs  Geological  Map  exhibits  all 
the^gre^i  features  of  this  district  with  as  much  accuracy  as  can  be  attained 
on  a  scale  so  reduced. 

If  then  we  begin  this  description,  commencing  from  the  valley  of  the 
Cherwell,  we  find  the  first  tract  of  this  nature  about  three-fourths  of  a 
mile  west  of  Banburv,  in  the  fields  along  the  summit  of  the  low  hill  rising 
above  Neithrop,  and  immediately  on  the  east  of  Withecombe  farm.  This 
patch  does  not  contain  above  a  few  acres:  the  strata  are  considerably 
uclined,  and  well  identified,  by  their  or^nic  remains  and  general  charac- 
ter, with  the  lower  beds  of  the  great  oolite  in  this  district  (probably  those 
analogous  to  the  fullers*  earth  rock  of  Bath),  although  the  general  line  of 
these  beds  is  seven  miles  to  the  south.  The  second  patch  (which  exhibits 
exactly  similar  beds)  occurs  about  three  miles  west-south-west  of  the  last, 
where  the  most  northerly  of  the  two  roads  marked  in  Mr.  Davis's  Map 
from  Broughton  to  Lower  Tadmarton  crosses  a  small  brook  about  a  mile 
west  of  the  former  village ;  where  the  road  descends  the  brow  towards 
this  brook,  quarries  of  these  limestone  beds  may  be  seen  extending  oh  the 
right  towards  Page's  farm;  and  where,  having  crossed  the  brook,  it  ascends 
the  opposite  brow,  similar  quarries  may  be  seen.  It  is  scarcely  pos« 
sible  to  ascertain  the  exact  limits  of  this  patch,  but  they  are  probably  not 
very  extensive.  3.  On  the  left  of  the  lane  leading  from  Lower'Tadmarton 
to  the  Danish  camp  on  the  adjoining  hill  on  the  south,  about  a  furlong 
from  the  village,  and  just  before  another  lane  leading  from  Upper  Tadmar- 
ton joins. it. .on  the  right,  is  another  insulated  quarry  of  these  beds. 
4.  Descending  westwards  from  the  hill  on  which  this  camp,  suptposed  to 
have  been  the  station  of  the  Danish  army  before  the  battle  of  Hooknorton, 
is  situated,  and  which  commands  all  the  neighbouring  country,  if  we  pro- 
ceed along  the  lane  by  Hooknorton  lodge  and  about  a  mile  beyond  it  we 
find  a  more  extensive  patch  of  these  limestone  strata  extending  ak)ng  the 
lower  platform  on  the  north  of  Hooknorton.  5.  About  a  mile  and  a  half 
west  of  these  quarries,  on  the  very  borders  of  Oxford  and  Warwick  shires, 
a  little  beyond  the  foot  of  the  north-east  branch  of  Great  Rolwright  hill, 
and  close  to  the  point  where  the  old  road  leading  hence  to  Edgehill  (appa* 
rently  an  ancient  trackway,  skirting  the  edge  of  the  escarpment,  since  it 
here  forms,  the  county  boundary)  crosses  the  Stour  near  its  head  at  a  place 
called  Traitor's  ford,  is  a  subsided  portion  of  the  same  beds  rapidly 
changing  their  dip  from  south  to  north.  6.  About  two  miles  east  of 
Epwell,  close  to  the  point  where  the  lane  from  Enwell  to  a  farm  called 
Lower  Lays,  crosses  the  lane  from  Shutford  to  Brails,  and  on  the  west  side 
of  this  cross,  is  a  similar  patch  extending  on  both  sides  the  brook.  7.  About 
a  quarter  of  a  mile  west  of  Epwell,  and  a  little  on  the  ^orth  of  the  Warren 
^euse,  where  the  two  lanes  cross  each  other,  is  another  subsided  portion 
of  these  limestone  beds,  dipping  about  50*  to  the  north*   8;  On  the  summit 
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IV.  Course  through  Gloucester  shir  e,  from  the  Ev^hde  to 
the  Avon.  Having  thus  pursued  these  beds  to  the  confines  6t 
Oxfordshire  and  Gloucestershire,  we  find  them,  in  the  latter 
county,  attaining  their  greatest  thickness  and  most  decided 
character,  and  the  range  of  hills  constituted  by  them  assuming 
greater  height  and  bolder  features,  and  forming  a  more  con- 
tinuous chain :  this  is  well  known  under  the  name  of  the 
Cotteswolds. 

Following  the  upper  edge  of  the  series  along  the  first  rise  of 
this  chain,  we  find  the  junction  of  the  Oxford  clay  and  the 
highest  beds,  or  Combrash,  passing  a  little  north  of  Lechlade 
suid  Cricklade,  with  a  westerly  course,  and  then  turning  south- 
wards by  Malmsbury,  Chippenham,  and  west  of  Melksham  r 
a  little  on  the  north  and  west  of  this  line,  the  hills  of  Which- 
wood  forest  exhibit  on  their  summits  beds  agreeing  in  aspect 
with  the  forest  marble,  which  cross  the  Windrush  a  little  north 
of  Witney,  and  thence  range  immediately  to  the  south  of  Tet- 
bury.  In  this  part  of  Gloucestershire,  the  clay  separ^ing  the 
forest  marble  from  the  great  oolite  is  stated  (see  Agricultural 
Surrey)  to  be  80  feet  thick.  At  Tetbury,  the  upper  beds  turn 
to  the  south,  cross  the  London  road  from  Bath  on  the  west  of. 
Atford,^  and  ranging  on  the  inner  slope  of  the  hills  which  skirt 
the  right  bank  of  the  Avon,  reach  that  river  immediately  on 
the  east  of  Bradford  ;  where  the  clay  covering  the  great  oolite 
is  well  displayed,  and  its,  fossils  most  abundantly  found. 

The  inferior  edge  of  the  great  oolite,  having  crossed  th^ 
Evenlode  a  little  east  of  Shiptoa  under  Whichwood,  follows 
the  escarpment  of  the  Whichwood  hiUs  on  the  right  bank  of 
the  above  river,  following  the  branch  of.  those  hills  which 
extends  north  towards  Stow  on  the  Wold,  but  is  separated 
from  the  high  ground  crowned  by  that  village,  by  a  breach  < 
communicating^  with  the  valley  of  the  Windrush  ;  this  valley, 
forming  a  deep  denudation  and  cutting  into  the  inferior  beds, 
as  far  south  as  Burford,  makes,  this  branch  of  the  Whichwood 
hills  a  long  peninsulated  ridge  crowned  by  the  great  oolite, 
which  has  its  junction  with  the  inferior  and  sandy  beds  im- 
mediately above  Rissington  on  the  west,  and  Idbury  on  the 
east. 

At  Stow  on  the  Wold,  the  continuous  range  of  the  Cottes-. 
wold  commences,  although  the  Whichwood  groupe,  already 

of  Overbraiis  hiU,  a  very  conspicuous  outlier  of  the  sandy  beds,  rising 
from  the  lias  in  the  vale  of  Shipston  upon  Stour  (marked  with  the  letter  u 
in  Mr.  Greenou^h's  Map,  but  inadvertently  coloured  as  lias)  is  a  small 
patch  of  the  oohte  confined  to  a  single  field ;  but  this  is  not  a  subsided 
mass,  like  those  above  described,  but  merely  an  instance  of  a  part  of  the  • 
stratum  catching  the  summit  of  an  insulated  nill  in  its  regular  plane. 
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described,  must  certainly  be  considered  as  an  appendage  to  it. 
The  inferior  junction  of  the  great  oolite  is  on  the  brow  of  the 
hill  about  a  mile  east  of  Stow,  but  is  indistinct ;  it  thence  fol- 
lows the  escarpment  of  the  chain,  which  here  forms  a  bold 'cape 
extending  far  to  the  north,  into  the  confines  of  Worcestershire; 
the  Yale  of  Shipston  on  Stour  lying  at  their  foot  as  a  broad  bay 
included  between  this  range  on  the  west,  and  the  lower  range 
of  Edge  hill  (whence  as  we  before  observed  the  oolite  cap  has 
been  denuded)  on  the  east.  The  Ilmingdon  hills  (almost 
separated  from  the  main  chain  by  the  valley  of  Campden)  form 
the  northern  point  of  this  Cape,  jat  the  Yery  extremity  of  which 
lies  the  insulated  and  lofty  summit  of  Meon  hill  (marked  1  in 
Mr.  Greenough's  Map).  This,  standing  in  advance  of  the 
whole  Cotteswold  chain,  and  looking  down  on  the  great  cen- 
tral plain  of  England,  commands  one  of  the  most  extensive 
prospects  in  the  island.  The  sienitic  summits  of  Charnwood 
forest  may  be  faintly  distinguished  in  the  north-eastern  horizon, 
and  Caer  Caradoc  and  Clee  hills  on  the  north-west ;  the  long 
ridge  of  Abberley,  marked  by  its  three  conical  summits,  and 
the  nearer  rai^e  of  Malvern,  illustrating  by  its  abrupt  forms 
and  serratlsd  outline  the  idea  of  a  Spanish  sierra,  constitute  the 
western  boundary;  while  on  the  south-west  the  eye  follows 
the  escarpment  of  the  Cotteswolds,  and  insulated  and  outlying 
groupes  connected  with  it,  among  which  Breedon  stands  pre- 
eminent, catching  in  the  distance  between  them  the  high 
grounds  of  the  forest  of  Dean:  on  the  south-east,  and  east, 
the  escarpment  of  th6  great  chain  of  the  oolite  and  subjacent 
sandy  strata  is  seen  circling  round  the  vale  of  Shipston  to  Edge 
hill  and  Arbury  hill. 

The  Ilmingdon  hills  and  Meon  hill  have  a  cap  of  the  great 
oolite ;  but  the  beds  here  displayed,  being  near  their  inferior 
limit,  are  coarse  and  sandy. 

Hence  the  general  outline  of  the  Cotteswolds  turns  south  * 
towards  Winchcombe,  the  high  platform  between  this  place 
and  Cheltenham  being  cut  off  by  surrounding  vallies  from  the 
main  chain;  the  inferior  junction  of  the  great  oolite  always 
keeps  near  the  brow  of  these  hills.  On  the  north  of  Winch- 
combe hill,  the  ontlyers  of  Tredington  +  and  Alderton,  how- 
ever, though  lofty,  appear  only  to  exhibit  the  inferior  oolite, 

.  *  Mr.  Smith  makes  a  long  branch  of  the  oolitic  hills  run  off  near  this 
point  from  Aston  Sub  Edge  in  a  north-westerly  direction.  He  has  been 
led  into  this  error  by  an  incorrect  depth  of  shadin?  in  the  gr^at  County- 
Survey  (which  18  old  and  very  inaccurat^j),  by  which  a  low  range  of  lias 
at  the  foot  of  the  escarpment  is  represented  as  rivalling  the  main  chain  in 
height. 

f  Miu-ked  i  in  Mr.  Greenough*s  Map,  but  •rroneously  covered  with  the 
colour  denoting  lias. 
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which  is  probably  also  the  case  with  the  more  extfensi?e^  insu* 
late d  mass  lying  still  further  north  between  Evesham  and 
Tewkeisburj,  and  constituting  the  Breedon  hills  (marked  k  in 
Mr.  Greenough's  Map).* 

From  Cheltenham  the  escarpment  of  the  hills  and  inferior 
junction  of  the  great  oolite  passes  about  five  miles  east  of 
Gloucester  (having  two  outlyers  of  inferior  oolite,  Churchill 
and  Rbbinswood  hill,  on  the  north-east  and  south-east  of  that 
city),  and  pursuing  its  course  to  the  south,  is  deeply  indented 
by  the  vale  of  Stroud  ;  beyond  which  it  projects  in  a  bold  cape 
hanging  over  Wotton  under  Edge,  and  then  continues  in  a 
nearly  straight  line  almost  due  south,  ranging  immediately 
west  of  the  road  from  Gloucester  to  Bath,  to  within  four  miles 
of  the  latter  city,  around  which  all  the  streamlets  flowing  into 
the  Avon  run  through  Tallies  of  denudation  deeply  furrowing 
the  high  platform  of  the  oolitic  hills  :  f  thus  the  brook  flowing 

.  ♦  In  Drayton's  fanciful  poem,  the  Polyolbion,  are  some  very  character- 
istic lines  descriptive  of  Breedon  hill ;  they  are  put  into  the  mouth  of  one 
of  his  singular  local  personifications,  the  vale  of  Evesham. 

**  Yet  more,  what  lofty  hills  to  humble  vallies  owe. 
And  what  high  grace  they  have  which  near  to  us  are  plac'd. 
In  Breedon  maybe  seen,  being  amorously  embrac'd  - 
In  cincture  of  my  arms.    Who  though  he  do  not  vaunt 
His  head  like  those  who  look  as  they  would  heaven  supplant. 
Yet  let  them  wisely  note  in  what  excessive  pride 
He  in  my  bosom  sits,  while  him  on  every  side 
With  my  delicious  sweets  and  delicates  I  trim ; 
And  when  great  Malvern  looks  most  terrible  and  grim. 
He  with  a  pleasant  brow  continually  doth  smile.** 

f  The  position  of  all  the  constituent  beds  in  each  of  the  hills  hanging 
over  these  denuded  vallies  round  Bath,  may  be  at  once  determined  from 
the  marked  features  of  their  outline  and  profile,  by  a  spectator  from  a 
distant  view,  provided  he  be  acquainted  with  the  general  structure  of 
the  ranee.  Tne  great  oolite  forms  a  flat  table  land  on  their  summits,  end- 
ing with  an  abrupt  edge;  this  is  succeeded  by  a  gentle  slope  which  marks 
the  subjacent  fullers*  earth,  a  greener  verdure  and  rushy  grounds  arising 
from  the  discharge  of  the  oolite  springs  thrown  out  by  these  clayey  beds 
are  here  seen :  beneath  is  the  lower  terrace  of  the  inferior  oolite,  which 
breaks  down  with  a  steep  and  almost  precipitous  escarpment  to  the  vale. 

In  many  instances  (as  at  the  north-east  of  Lansdown  near  the^  monu- 
ment) large  broken  masses  of  the  great  oolite,  having  been  precipitated 
from  its  escarpment,  are  spread  over  the  slope  of  the  fullers'  earth,  pre- 
senting a  scene  of  rocky  rum  resembling  the  undercliff  in  the  Isle  of  Wi^ht. 
This  may  be  seen  particularly  at  Warley  rocks  above  Bathford.  SimUar 
subsided  masses  of  the  inferior  oolite  are  also  frequently  piled  against  the 
foot  of  its  escarpment. 

Mr.  Townsend  gives  a  particular  account  of  these  dislocations;  but 
since  they  afiect  the  inferior  oolite  as  well  as  the  beds  of  which  we  are  now 
treating,  we  shall  postpone  our  extracts  from  it  to  the  end  of  the 
article  on  stratification  and  inclination  in  the  section  assigned  to  the 
inferior  oolite. 

2f 
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from  Laiig^dge  by  Swabstt^ick  tfiitlrelj  ctitfi  the  ridge  of  tians^ 
dowa  from  the  main  chain ;  and  that  coming  doirft  h'ont 
Catharine's  to  Bath  Easton,  nearly  afibcts  Charmey  down  and 
Salisbury  hill  (an  insulated  summit  of  the  great  oolite  hanging^ 
over  Bath  Ea^ton  on  the  west)  in  the  same  manner.  Bathferd 
stands^t  the  mouth  of  another  similar  valley  extending  uji-. 
wards  to  Box  ;  and  th^  main  valley  of  the  Avon  (justly  eele-« 
brated  for  its  picturesque  character)  continues  to  form  a  denu«^ 
dation  in  the  inferior  strata  as  high  up  as  Bradford,  where  the 
crop  of  the  great  oolite  crosses  the  river. 

The  whole  range  of  the  Cot4eswold  escarpment  throughovt 
Gloucestershire^  has  in  a^cieiit  militliry  operations  afforded  a 
Strong  and  commanding  line,  and  is  occupied  by  numerous 
camps ;  partly  at  least  belonging  %o  the  line  of  defence  fortified 
by  Ostorius  i  a  map  of  this  lilEke  may  be  Seen  in  the  Archa&ologla 

V.  Course  through  Somerset  and  the  North  of  Dorset. 
Frotn  Melksham,  whither  we  had  before  traced  it,  the  superior 
junction  of  these  beds  with  .the  Oxford  clay  proceeds  in  d^ 
slightly  undulating  line  southwards,*  a  little  east  of  Froome, 
WincantoH,  and  Stockbridge ;  beyond  which,  turning  slightly 
westwards,  it  meets,  and  is  overlaid  and  concealed  by,  the 
great  south-western  extension  of  the  chalk* 

The  clay  separating  the  upper  beds  from  the  great  oolite 
(properly  so  called)  has  at  first  a  very  tortuous  line  (which  is 
very  correctly  given  in  Mr.  Smith's  Map),  occasioned  by  the 
configuration  and  inequalities  of  the  surface  cut  by  its  plane, 
which  is  varied  by  lofty  hills  and  deep  valHes.  Crossing  the 
northern  branch  of  the  Avon  close  to  Bradford,  it  ascends  the 
back  of  the  hill  between  it  and  the  southern  branch  of  the  same 
river,  which  it  crosses  a  little  south  of  Farley,  and  then  ranges 
dver  the  summit  of  the  elevated  platform  on  its  left  or  western 
bank,  on  which  stand  Charterhouse  Hinton,  and  Norton  St.^ 
Philip.  The  Cornbrash  ranges  along  the  escarpment  on  the 
right  bank  of  the  stream  by  Tellisford,+  having  a  slight  cap  of 
the  lowest  beds  of  the  Oxford  clay  abounding  with  selenite, 
and  appears  on  the  left  bank  as  an  insulated  cap  to  the  hill  on 
that  side  between  Tellisford  and  Norton.  There  is  another 
hisulated  cap  of  this  rock,  not  exceeding  a  few  acres,  close  to 

.  *  The  outline  in  Mr.  Smith's  GeoIo|g;ical  Map  is  here  preferable  to  Mr* 
Greenough's,  which  is  distorted  by  throwing  the  limestone  of  Stourminster 
(probably-  belonging  to  the  coral  rag)  into  the  great  oolite. 

i-  This  is  the  point  to  which  the  section  at  the  beginning  of  the  para- 
graph on  the  chemical  and  external  characters  of  the  great  oohte  paracu- 
Eurly  refers. 
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pipe4i(wse  im  the  north  «f  flinton,  *  T!h^  calcareous  sand 
and  forest  marble  circulate  round  tl^is  tract  by  Hinton  and 
J^ortoB,  the  subjacent  clay  i^pears  oa  the;  slppe  desc^dinff 
from  Hinton  to  the  great  oolitic  platforfn  ji^  jbhe  we^t  of  thai 
village ;  hence^  it  follows  the  outline  of  tk^t  pla^foriny  keeping 
about  a  mile  within  its  escftrp^ieat  by  N^rlpn,  H^diogtpn, 
and  Buckland  Denham,  ranging  to^^rds  Frpoin^.  Soujth  oi 
that  town,  the  ju^n^tiim  of  the  juppep  beds  and  gr/ea^  oplit^^ 
appears  to  range  towards  Dorset$l:)ire  }n  a  slightly  u^dul^jting 
line,  parallel  to  that  before  ^signed  jto  die  jnn^^tjpp  pi  th^ese 
beds  with  the  Oxford  clayi  and  from  two  to  fpur  in^  west  of 
it,  but  it  has  probably  never  been  apcumtely  ^rajC^ed. 

The  inferior  jufution  of  the  great  o^Ute  (t^t  along  which 
it  rests  on  the  fullers'  earth)  crosses  the  northern  branch  of  th^ 
Avon  a  little  on  the  west  of  Bradford,  ranges  i^^nd  the  upper 
part,  of  the  escarpm^t  of  the  hi)l  b^twe^  this  and  the  souths 
ern  branch,  grosses  the  latt^  close  to  Farley  «dll,  and  keep§ 
the  escarpment  of  the  great  platform  pf  IJinton  and  I^ortoui 
passing  along  the  brow  <4  the  higher  rapge  pf  hUls  above  H'Ur 
ford,  Writblington,  K^Umersdon,  and  Mells. 

The  ridge  of  Hainptoo,  f  Claveiton,  and  Odd  Dowps,  hangr 

♦  The  hill  betw^  Mitford  and  Freshford  affonls  the  best  opportunity 
hear  Bath  for  examining  the  whole  of  this  series  of  strata;  it  is  within  three 
miles  of  that  city;  the  vallies.are  cut  down  into  the  upper  beds  of  the  lias 
jjiarle,  and  in  ascending  the  hill,  the  inferior  ooKte,  ndlers'  earth,  great 
tyolite,  Bradford  day,  forest  marble  and  sandstone  are  crossed  tn  passing 
towards  the  insvdafed  patch  of  combrash,  which,  at  Pipe-house,  crowni 
the  hHI.    The  tummk  of  this  hili  is  covered  with  transported  chalk  Hints. 

+  The  quarries  at  the  head  of  the  inclined  plane  above  Bathhamptonl 
afferd  one  of  the  best  examples  of  the  great  oolite  which  can  possibly  be 
studied.  The  upper  beds  are  here  thiii,  and  separated  by  clay  sesuns  (at 
one  point  a  large  imbedded  mass  of  clay  also  occurs),  and  by  a  loose  oolitic 
«and ;  the  surfaces  of  these  «labs  present  a  congeries  of  organic  remains, 
chiefly  terebratulx,  small  corallcnd  bodied,  spines  of  several  species  of 
Echinus,  and  occasionally  joints  of  the  Bradford  pear  Encrinite  (Apiocri- 
nites  of  Miller).  "Fragments  of  the  large  iibrous  shell  which  Mr.  Sowerby 
considers  as  now  ascertained  to  be  a  species  of  oyster,  also  occur.  These 
beds  occupy  about  six  feet  from  the  summit;  then  foUows  a  bed  about 
two  feet  tnickj  containing  several  infimense  ^a|ises  of  an  undulating 
majlrepore,  and  several  tubipores;  beneath  this  is  the  solid  ooljte  which 
is  quarried  to  the  depth  of  about  30  feet.  The  lowest  bed  wotked  con- 
tains several  large  bivalve.  Beneath  the  floor  of  the  quarries,  the  beds  of 
the  great  oolite  extend  on  the  slope  of  the  hill,  between  60  and  1 00  feet, 
forming  a  steep  escarpment ;  beneath  which,  the*  black  beds  of  the  ful* 
lers*  earth  clay  (full  of  fibrous  calcareous  spar  J  may  be  observed  throwing 
out  jiumcroua  spHngi.  Vayt  blocks,  predi|>itiited  m  every  diredtidn  from 
the  ectat. oolite,  jftre  however  spread  over  the  whole. slope  of  4h*  fillers* 
earth ;  forming  a  confused  scene  of  .probfcting  crags,  over  which  it  is 
jKarcely  possible  to  walk.  It  is  reniarkable  that  chaTk  flints  are  scattered 
pretty  aoundantly  over  this  tract  :^  they  are  also  found  on  the  summit  of 

3  pi 


Digitized  by 


Google 


223  Book  II.    Chap.  III.     Ooliik  serie%4 

ing  over  Bath  on  the  south,  forms  a  long  insulated  range^ 
capped  with  the  great  oolite,  advanced  on  the  north  of  this 
platform,  encirclei  along  its  scarped  sides  by  successiTe  zones 
of  the  inferior  beds  ;  and  the  ridge  north  of  Wellow,  between 
the  above  and  the  Hinton  platform,  is  similarly  situated.  + 

Most  of  the  rivulets  which  in  this  part  join  the  Avon,  rise 
beyond  the  escarpment  of  the  whole  oolitic  series,  and  flow 
through  vallies  which  traverse  the  chain  and  divide  it  into 
many  insulated  groupes  :  the  fact  is  similar  to  that  which  was 
formerly  noticed  with  regard  to  many  portions  of  the  chalk 
range,  and  the  whole  configuration  of  these  vallies  bears  the 
same  evidence  that  'it  involves  an  absolute  physical  impossi* 
bility  to  attribute  their  formation  to  the  streams  which  now 
employ  them  as  a  channel. 

The  junction  of  the  great  oolite  and  fullers*  earth  may  be  most 
distinctly  traced  through  the  whole  of  this  district.  But  near 
Froome,  the  horizontal  beds  of  the  oolitic  series  abut  abruptly* 
against  the  incUhed  strata  of  the  mountain  limestone  connected 
with  the  lofty  chain  of  Mendip,  which  here  begins  to  rise, 
although  as  yet  its  peculiar  strata  are  only  exposed  by  dehu* 
dation  in  the  lower  part  of  the  vallies  between  Froome  and 
Mells.  It  is  the  inferior  oolite  which  is  generally  in  contact 
with  the  mountain  limestone,  and  therefore  these  vallies  will 

many  of  the  adjacent  downs,  warranting  the  ^ame  geological  inferences 
which  were  formerly  drawn  from  the  accumuUtion  of  transported  pebbles 
on  the  top  of  the  coral  rag  hills  near  Oxford.    See  note,  p.  190. 

f  There  are  other  smaller  insulated  summits  of  the  ffreat  ooh'te  resting 
on  the  platforms  of  the  inferior  oolite  near  the  above  rid|e8 ;  such  is  Dun- 
com  hill  north  of  OunkertOQi  and  Newbury  hill  above  ftfells. 

*  In  order  to  explain  how  beds  of  su^h  distant  geological  ages  as  the 
mountain  limestone  and  oolite,  come  into  inunediate  contact,  in  conser 
quence  of  the  difference  pf  inclination  through  which  their  planes  cut  eac^ 
other,  we  subjoin  the  following  diagram. 


a.  Old  red  sandstone,    i.  Mountain  limestone,    e.  Coal  measures. 

iU  Great  oolite,    e,  FuUersV  earth.  /.  Inferior  oolite,    g.  Lias, 

k.  Red  marie. 

All  these  circumstances  are  illustrated  in  the  district  of  the  e^st  end  of 
the  Meadips  between  Froome  and  Mclls. 
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he  more  particularly  described  hereafter.  Near  Froome, 
however,  the  great  oolite  appfoflches  very  near  to^  if  it  does 
not  quite  touch,  the  mountain  limestone,  and  the  line  of  hear- 
ing of  these  beds  being  thus  thrown  out  of  their  regular 
course,  it  becomes  doubly  difficult  to  trace  them:  a  bed  ol 
clay  in  the  valley  a  mile  west  of  Froome  appears,  however, 
to  be  that  associated  with  the  fullers'  earth,  and  hence  tht 
inferior  jnnction  of  the  great  oolite  probably  ratiges  by  Cloford 
to  Druton ;  whence  it  «eems  to  proceed  along  the  edge  of  th« 
hills  on  the  west  of  Charlton,  Horethom,  Milford,  Port,  and 
$herborne,  a  few  miles  south  of  which  the  crop  of  this  oolite 
is,  like  that  of  the  other  oolitic  systems,  overspread  by  the 
great  western  extension  of  the  chalk  and  green  sand  through 
Dorsetshire. 

VI.  Course  in  the  South  of  Dorsetshire.  On  the  south  of 
this  overlying  extension  of  the  chalk  and  green  sand,  the  beds 
of  the  present  oolitic  system  re-emerge  from  beneath  it  near 
Bridport.^  The  rock  here  assumes  the  fissile  character  of  forest 
marble,  and  it  has  been  sometimes  exclusively  referred  to  that 
subdivision ;  but  since  it  is  in  immediate  contact  with  the  ful- 
lers' earth  clay  and  inferior  oolite,  and  the  thickness  of  the 
series  seems  also  inconsistent  with  this  supposition,  we  ^  are 
rather  inclined  to  believe  that  the  whole  oolitic  series  of  the 
present  formation  here  puts  on  this  form. 

This  rock  ranges  to  Bothenhampton,  on  the  east  of  Bridport 
>valley,  having  however  an  insulated  portion  capping  the  cliff  on 
the  west  of  Bridport  harbour ;  but,  on  the  east  of  the  harbour, 
the  cliffs  exhibit  only  inferior  oolite  for  more  than  two  miles, 
where  the  second' cliff  in  that  direction  (Burtou  cliff)  subsides, 
and  is  succeeded  by  a  low  bank  of  the  fullers'  earth  marie, 
characterized  by  its  fibrous  calcareous  spar.  Above  this  marie 
are  quarries  of  the  fissile  oolite,  which  proceeds  hither  from 
Bothenhampton.  The  cliffs  here  terminate,  a  shingle  bed  (the 
commencement  of  the  great  Chesil  bank)  being  interposed 
between  the  hills  and  the  sea.  The  oolite  is  plainly  to  be 
traced  through  the  base  of  these  hills  from  Swyre  to  Abbots- 
bury,  forming  their  general  platform,  which  supports  insulated 
summits  of  the  overlying  green  sand  at  Swyre  beacon  and 
Abbotsbury  camp. 

Thus  far  the  structure  of  the  district  is  sufficiently  regular, 
and  the  strata  horizontal  or  nearly  so ;  but  beyond  Abbotsbury 

*  All  ^g  district,  and  indeed  the  whole  south  of  Dorsetshire,  is  erro- 
neously ,i;epresente4  i^  Mr.  Smith's  Map.  Mr.  Greenough's  is  correct  in 
the  neighbourhood  of  Bridport,  but  requires,  between  Abbotsbury  and 
V^eymouth,  the  alterations  mentioned  m  the  article  on  the  course  of  the 
coral  rag. 
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(where  there  appears  to  be  a  fault),  ne  enter  on  the  elevated 
Weymouth  district,  which  we  have  before  had  occasion  to 
describe,  in  treating  of  the  Portland  beds  and  coral  rag*  At 
Abbotsburj  the  coral  rag  advances  close  to  the  curve  of  ik0 
toBBtf  so  tbat  we  lose  the  beds  of  the  present  oolitic  system  for 
a  time ;  but  they  reappear  a  little  to  the  south  in  Fleet  dowo^ 
where  they  form  a  saddle  extending  across  the  head  of  the 
Weymouth  aBstuary  near  which  it  termina^tes,  being  encircled 
(as  was  fonnerly  stated)  by  collateral  zoaies  of  Oxford  clay, 
eoral  rag,  9cc. 

(e)  HdgJU  of  hilts*  Aa  has  been  stated  in  the  preceding 
article,  the  whole  course  of  this  ^system  across  the  island  U 
marked  by  an  alaM>rt  oontinuous  r^^^e  of  hills.  Sometimes^ 
however,  the  whole  escarpment  of  these  hills  is  fornv^d  by  the 
Inferior  oolite,  and  the  great  oolite  forms  «  slight  upper  terrace 
ranging  at  a  distance  inland.  In  Yorkshire,  we  are  inclined  to 
attribute  the  eastern  moorlands  to  the  Inferior  sands,  aod  the 
escarpmeftt  which  skirts  them -on  the  south  to  the  great  oolite  $ 
but  this,  being  a  poiirtopen  to  controversy,  must  be  considered 
accordingly*  Crofising  the  Humber  through  Liucohishire,  the 
hills  are  k^ ;  they  ga«a  greater  height  ia  Rutkndshiite,  Norths 
amptoKsbife,  and  Oxfordshire,  but  the  high^  points  in  this 
iistrii^t  ail  e  the  awamits  rising  near  the  edge  of  the  escarpmeat^ 
(as  Arbury  and  Epweli  bills)  which  belong  jentirely  to  the  infers 
rior  Btod^,  the  g<r^at  ooBte  ranging  considerably  on  the  south- 
oast.  In  Okmcestershtre,  however,  the  gi^at  oolite,  always 
crowns  the  brow  of  the  escari«aent,ittd  gaiius  its  greatest  heights 
the  loftiest  point  •of  these  lulls  is  Ckeve  bill,  near  Cheltenham^ 
which  is  1134  feet  above  the  level  of  the  isea ;  the  next.  Broads 
way,  is  1060 ;  Stow  in  the  W<M  is  SSS^  and  Landsdown  new- 
Bath  is  813  feet.     . 

lliese  hills,  thus  breaking  down  with  an  abrtipt  escarpmeirib 
to  the  north-west,  fall  with  a  retj  gradual  decUvity  to  the 
ipttth'-east*  This  circumstance  is  common  to  the  chains  formed 
by  all  tlttbeds  abpTe  the  new  rod  sandstoiie,  and  ai^ses  from  th^ 
cropping  out  of  their  strata  in  the  former  direction  against  the 
older  rocks  of  the  north  and  west.  An  observation  of  Gilptn's^ 
in  hi;  tour  to^the  Wye^  strikingly  illustrates  this  inequality  of 
fall  on  the  opposite  sides  of  the  watershed  of  thb  oham.'  Standi 
ing  on  the  high  grounds  between  Cirencester  and  Cheltenham, 
where  the  head  waters  of  the  Thames  take  their  rise  on  the 
back  of  the  Cotteswolds,  he  remarks  that  whil^  on  the  one 
hand  this  river  wanders  to  the  east  through  a  course  of  more 
than  1 50  miles  before  it  reaches  the  le?el  of  the  tide  at  Rich-, 
mond,  on  the  other  the  Severn,  flowiug  within  12  miles  of  thiSv 
point  at  the  western  foot  of  the  hills^  is  already  a  tidal  riiierA -. 
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*  "Thti  ni&i^d^  like  ihat  of  the  chaik,  is  entirely  broken  tfiroiigh 
by  laaany  thHIm;  such  are  tkose  of  the  Yorkshire  Derwent^ 
of  th4  ifumber,  of  the  Witham  in  Dncohi^ire,  of  the  Char- 
well  and  Eveniod^  in  Oxfordshire^  and  of  most  of  the  stream^ 
whieh  join  the  Somersetshire  Ayon  on  the  sonth  of  Bath ;  es- 
j^ecialljr  the  branch  of  that  rirer  which  flows  from  Emhorrow 
Mere  at  the  foot  of  the  Mendips  by  Mells  and  Froome. 

The  insulated  hills  advanced  beyond  the  chain  in  Glouces- 
tershire have  been  already  mentioded^  but  they  generally  be- 
l<mg  rather  to  the  inferior  oolite  than  to  the  beds  of  which  we 
dre  now  treating.  Many  of  the  ranges  near  Bath,  as  Lansdown, 
Clarerton  Down,  &c*  which  are  capped  With  the  great  oolite, 
are,  from  the  course  of  the  last  mentioned  vallies  through  them, 
completely  insulated;  (See  the  particulars  in  the  account  of 
the  range  of  these  beds.) 

(/)  Tkkkne98*  The  thickness  of  these  beds  is  giren  in 
tb^  list  at  the  beginning  of  the  present  section  for  the  neigh** 
bourhood  of  Bath:  altogether  they  may  be  taken  in  round 
numbers  at  about  ^50  feet  in  this  district. 

On  Farley  Down  near  Bath,  on  Coombe  Down,  and  in  seve- 
ral other  places  near  Bfttfa,  wells  have  been  sunk  through  the 
great  oolite  to  the  depth  of  100  to  130  feet.  (T.  129.)  The 
itctoal  thickness  of  this  bed  alone  seems  here  to  vary  from  130 
to  150  feet,  but  it  must  be  considerably  thicker  in  the  northern 
parts  of  the  Cotteswolds,  ais  must  the  superior  beds  on  the  south 
of  Cirencester :  400  feet  would  probably  be  not  an  excessive 
allowance  for  the  whole  series  in  their  thickest  part. 

{g)  JneUnoHon,  The  great  oolite  has  a  gentle  dip  towards 
the  south«>eas(,  as  have  all  the  beds  of  this  formation ;  there  are 
however  some  apparent  local  exceptions  which  merit  notice j 
more  perhaps  from  their  singularity,  than  from  possessing  any 
real  importance.  The  following  sections,  afforded  by  quarries 
between  Cross  Hands  and  Petty  France  in  Gloucestershire,  are 
Cdmmunicated  by  H.  J.  Brodte,  Esq.  M.G.S.  who  also  referred 
ns  to  a  somewhat  similar  section  of  a  quarry  at  Coombe  Down 
near  Bath,  in  the  Monthly  Magazine,  with  a  description  bj 
J.  H.  Moggridge,  dated  March  17,  1796.* 


*  It  would  be  difficult  to  iinagiue  that  these  beds,  so  difTerently  circum- 
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In  the  Weymouth  elevated  dbtrict,  the  beds  of  this  format 
tion,  which  form  its  saddle,  are  sometimes  considerably  inclined # 

The  most  remarkable  phoenomena  which  require  notice  under 
this  head,  are  those  of  the  large  subsided  portions  of  these  beds 
now  found  pitched  at  the  bottoms  of  valties  traversing  the  sub- 
jacent rocks  and  at  a  considerable  distance  from  the  present 
line  of  extension  of  the  formation  to  which  they  belong*  We 
have  already  particularised  many  instances  of  this  kmd  in  the 
north  of  Oxfordshire.  They  must  be  considered  as  the  rem-^ 
nants  of  the  strata,  once  generally  covering  the  hills  at  whose 
base  they  are  now  found ;  which,  having  been,  undermined  by 
the  causes  that  have  excavated  the  vallies,  have  slid  down  into 
their  present  position,  where  they  are  naturally  thrown  into  a 
direction  inclined  in  general  at  a  considerable  angle  to  the 
horizon. 

,  The  precipitated  masses  of  the  great  oolite  scattered  over 
the  slope  of  the  subjacent  fullers'  earth  on  the  hanging  of  many- 
of  the  hills  round  Bath,  are  phoenomena  of  the  same  kind. 

The  phoenomena  of  these  subsided  masses  which  have  as- 
sumed their  present  position  in  consequence  of  having  been 
undermined  by  the  excavation  of  the  subjacent  soft  strata,  and 
thus  slidden  downwards,  must  not  be  confounded  with  those 
cases  of  subsidence  which  are  accompanied  by  vertical  fissures 
or  faults  traversing  the  strata  to  a  great  depth,  and  in  whkji  the 
whole  series  of  strata  affected  by  them  (soft  as  well  as  hard)  is- 
let  down  together.  Both  the  circumstances  and  causes  of  Uie 
latter  are  clearly  distinct  from  the  former ;  no  partial  under- 
mining  action  can  account  for  them ;  but  they  must  be  referred 
to  causes  seated  at  a  great  depth  and  acting  in  the  same  man- 
ner as  the  force  producing  earthquakes. 

Further  particulars  of  these  undermined  and  precipitated 
masses  in  the  neighbourhood  of  Bath,  will  be  found  at  the  end 
of  the  article  corresponding  to  this  in  the  next  section ;  since, 
as  the  inferior  oolite  partakes  of  these  disturbances,  it  will  be 
more  convenient  to  keep  the  description  of  the  whole  of  these 
cases  together. 

stanced  in  r^rd  to  position,  were  the  effect  of  re^Iar  deposition.  The 
upper  beds  in  the  first,  and  the  upper  and  lower  in  the  second  section, 
agree  with  the  general  dip  of  the  bed*  of  this  formation ;  that  is,  to  the 
south-east,  and  at  a  very  small  angle.  The  lower  beds  of  the  first  figure 
are  not  only  curved,  but  also  take  the  reverse  direction.  Instead  ther aore 
of  considenne  these  beds  as  the  result  of  regular  stratification,  they  should 
undoubtedly  be  regarded  as  the  consequence  of  contraction,  from  causes 
which  it  may  be  difficult  to  explain,  during  the  consolidation  of  the  stra- 
tum. Townshend  refers  to  several  similar  instances  near  Bath :  we  have 
before  mentioned  the  like  false  cleavage  (if  the  expression  may  be  allowed) 
iu  the  coral  rag. 
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(h)  Agricultural  character.  The  Combrash,  says  Mr. 
Smith,  is  chiefij  an  arable  superior  in  quality  to  much  of  the 
Stonebrash  hills;  and,  wh^n  otherwise  appropriated  to  pasture, 
produces  grass  of  a  good  quality.  Indeed  the  mixture  of  caU 
careous,  argillaceous,  and  arenaceous  beds,  in  this^  part  of  the 
series,  is  favorable  to  their  agricultursU  quality.  The  general 
course  of  the  forest  marble  through  the  Cotteswold  district,  is 
said  to  be  distinguished  by  the  prevalence  of  timber  tre^s, 
Woods,  and  pasture.  The  soil  over  the  great  oolite  is  a  loose 
stonebrash,  absorbent,  and  cmy  thing  but  rich ;  it  is  said  how- 
ever to  answer  fairly  (or  turnips,  and  tolerably  for  wheat ;  but 
it  never  averages  half  the  value  of  the  subjacent  sandy  soils^ 

(0  Phenomena  oftMxier,  The  clays  underlying  the  corn- 
brash  and  the  forest  marble  generally  hold  up  the  water  be- 
neath these  strata,  so  that  this  indispensable  article  may  bei 
readily  procured ;  hence  a  more  dense  population  (as  Mr.  Sioaith 
has  very  ingeniously  remarked)  distinguishes  the  coarse  of 
these  beds  from  the  great  oolite,  where  water  can  be  obtained 
only  in  deep  Wells  and  at  a  great  expense.  These  welb  have 
often  been  sunk  130  feet  through  the  rock  to  its  junction  with 
the  fullers'  earth,  which  throws  out  its  springs  and  forms  a 
weeping  ground  round  the  escarpments  of  the  oolitic  hills,  as 
may  be  particularly  noticed  near  Bath.  Occasionally  even  the 
springs  of  the  upper  beds  sink  through  this  rock  silso,  in  con- 
sequence of  some  failure  in  the  intervening  day ;  this  is  par-* 
ticularly  the  case  in  the  forest  marble,  which  has  numerous 
swallow-holes,  thus  absorbing  the  springs  of  the  combrash; 
thirty  of  these  may  be  noticed  in  the  space  of  half  a  mile  round 
Hinton.  .     > 

It  is  probable  that  the  combrash  or  forest  marble  may  be 
the  true  seat  of  the  mineral  watet^  found  in  sinking  through 
the  Oxford  clay,  and  «iumerated  in  treating  on  that  formation. 
If  the  Pickering  hills  in  Yorkshire  reaUy  belong  to  this  part  of 
the  series,  the  curious  phoenomena  of  the  several  branches  of 
the  Rye  near  Helmsly,  which  flow  through  that  escarpment  by 
subterraneous  channels,  should  be  here  noticed. 
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Section  VI.* 

Inferior  members  of  the  Third  or  Lower  system  of 
Oolites  ;  including'^the  Fullers^  earthy  Inferior  oolite^ 
Sand  and  Marlstone  qf  Smith, 

The  Ooh'tic  system  of  which  it  was  the  object  of  the  pre- 
ceding section  to  trace  the  superior  portion,  is  continued  (pr 
rather,  considering  the  order  of  formation,  introduced)  by  the 
series  of  beds  which  we  are  now  to  consider.  These,  although 
in  some  localities  presenting  well  marked  lines  of  distinction^ 
iu  other  instances  run  so  much  into  one  another  by  insensible 
gradations,  that  it  is  far  from  easy  to  assign  any  exact  point 
in  which  any  given  member  of  the  series  can  be  strictly  said  to 
Commence,  or  accurately  to  distinguish  the  contiguous  members 
from  each  other< 

Speaking  generally,  the  great  mass  of  calcareo^  siliceous 
sands  on  which  the  rock  called  the  inferior  oolite  reposes,  may 
be  said  to  form  the  most  universal  and  characteristic  feature  of 
this  series.  These  sands  pass  almost  insensibly,  by  the  mixture 
of  various  loamy  and  marly  beds  towards  their  lower  limit, 
into  the  argillaceous  formation  which  covers  the  lias ;  and  to- 
wards their  upper  limit  by  an  increase  of  calcareous  matter, 
into  the  oolitic  beds  called,  from  their  position,  inferior.  Be-v 
tween  this  inferior  oolite,  and  that  which  we  have  already 
described  in  the  last  section  under  the  name  of  the  great 
oolite,  a  thick  calcareo-argillaceous  formation  carrying  beds 
0f  fullers'  earth  (whence  it  is  denominated),  and  sometimes 
also  beds  of  coarse  oolite,  is  interposed,  often  forming  a  very 
conspicuous  division  in  this  part  of  the  series.  But,  in  other 
instances,  this  calcareo-argillaceous  mass  is  either  wanting,  or  by 
the  prevalence  of  its  calcareous  matter  passes  into  the  form  of 
an  oolitic  limestone ;  so  that  the  limit  of  the  great  and  inferior 
oolites  can  only  be  ascertained  (if  at  all)  by  an  accurate  ex- 
amination of  their  organic  remains. 

It  must  at  once  appear  from  the  above  observations,  that  we 
cannot  as  yet  regard  the  exact  demarcation  of  all  these  sub- 
ordinate beds  as  being  completely  ascertained  throughout  the 
island ;  but  this  acknowledgment  ought  rather  to  be  regarded 
as  a  proof  of  the  high  advance  of  geological  information  which 
has  rendered  the  adjustment  of  points  so  minute  an  interesting 
object  of  enquiry,  than  as  affording  any  ground  for  questioning 
its  progress,  in  the  consideration  of  the  few  and  immatedal 
de^ciencies  still  left  unsupplied. 

*  By  the  Rev.  W.  D.  Cooybcare. 
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In  treating  of  this  part  of  the  series,  we  shall  agsdn  select 
the  neighbourhood  of  Bath  as  affording  the  best  type  of  its 
arrangement.  The  separate  beds  appear  in  this  district  most 
strongly  characterized  and  most  distinctly  divided ;  they  have 
also  been  most  attentively  examined.  We  proceed  to  consider 
them  in  the  regular  descending  order.  ^ 

(a)  Chemical  and  external  characters.  Fullers^  earth. 
In  the  district  above  referred  to,  and  as  it  should  appear,  very 
generally  elsewhere,  the  great  oolite  of  the  preceding  section 
reposes  on  a  thick  bed  or  series  of  beds  of  calcareo-argillaceous 
formation,  which  usually  carries  one  or  more  indurated  and 
rdcky  strata,  besides  frequent  courses  of  a  soft  rubble-stone. 
In  these  the  calcareous  matter  predominates.  The  hardest 
bed  of  this  stone  is  blue  in  the  interior,  and  used  for  mending 

•  The  foUowiag  may  be  considered  as  a  continuation  of  the  section 
referred  to  in  the  note  at  the  head  of  the  articles  on  the  upper  members  of 
this  system  (page  209),  and  is  numbered  accordingly.  It  enumerates  the^e 
beds  as  they  are  exhibited  in  the  neighbourhood  of  Bath,  and  may  be 
compared  with  those  subsequently  given  from  other  localities,  as  notes  to 
the  mferlor  polite:  i(  is  extracted  froni  the  lift  in  I^r.  Warner's  Batl| 
Ouide. 

fNo.  feet, 

9.    Yellow  clay , 12  or  15 

Rather  loose  and  porous ;  visible  all  round 
Bath  by  the  slips  on  the  declivities  of  the 
hills,  occasioned  by  the  springs  flowing  on 
the  surface  of  the  next  stratum :  it  contains 
no  fossils  and  is  appHed  to  no  use. 

10.  Blueclay 12  or  15 

This  stratum  being  compact  throws  out 

the  upper  springs  round  Bath:  it  coptains 
terebratulx. 

11.  Good  Fullers' earth  8 

12.  Bastard  Fullers'  earth 100  and  upwardt 

.  Having  in  its  middle  a  thin  rock  which  is 

abundantly  furnished  with  organic  remains 
(see  the  list  under  its  proper  head).  Nume- 
rous corals  are  also  found  at  its  foot.  This 
rock  makes  the  best  road-stone  in  the  neigh- 
bourhopd. 

f  13.  Inferior  ooUte  or  bastard  freestone    30 

'6  The  upper  part  of  the  stratum  is  hard  and 

g  is  used  for  the  roads ;  the  lower  is  cut  into 

^d  tolerably  good  ashler    near  Froome:     its 

9  fossils  are  numerous  as  will  be  seen  in  the 

«J  list. 

''3  <  ]  4.  Calcareous  sand 50  and  upward^ 

o  At  the  foot  of  it  is  a  bed  of  large  Pectens 

o  and  masses  of  coral,  also  confused  masses  of 

§  serpulx  mingled  with  belemnites.  This  con- 

^  stitutes  the  marle-stone  of  Smith,  and  is  used 

[^  in  mending  the  roads. 
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roftds^  Blu€  and  yellow  clays  alternate  with  the  aboTe  snb- 
9tanceS)  and  generally  contain  varieties  applicable  to  the  par- 
poses  of  fullers'  earth.  The  disposition  of  these  beds  near 
Bath,  will  be  seen  in  the  general  section  in  the  note  below. 

Jttferior  oolite  and  Sand.  The  inferior  oolite  is  very  gene* 
rally  distinguished  from  the  great  oolite  by  the  larger  pro-* 
portion  of  brown  oxide  of  iron  disseminated  through  its  mass, 
wbich  sometimes  occurs  in  the  form  of  numerous  minute 
globular  particles  occupying  the  same  situation  which  the  Ovi- 
form particles  bold  in  the  great  oolite.  This  variety  is  found 
in  Pondry  hill,  and  corresponds  exactly  in  character  with 
specimens  from  Bayeux  in  Normandy.  From  this  admixture 
of  iron  the  beds  have  generally  a  brownish  cast,  passing  in  the 
interior  into  a  blue  or  grey  tinge :  the  texture  is  coarse,  and 
they  are  usually  applied  to  mend  the  roads :  occasionally, 
however,  they  yield  a  very  good  freestone  for  agricultural  pur- 
poses, as  particularly  at  Dundry  hill  near  Bristol  and  Doulting 
hill  near  Shepton  Mallet,  in  both  which  places  the  quarries  are 
very  extensive.  A  larger  proporticm  of  siliceous  sand  is  usually 
mixed  with  the  calcareous  matter  than  in  the  great  oolite,  and 
therefore  renders  it  a  less  profitable  limestone.  The  fossils 
also,  which  are  numerous,  serve  to  distinguish  it. 

Near  Bath,  several  r^ular  and  continuous  strata  of  this  rock 
rest  on  thick  beds  of  a  slightly  calcareous  sand,  containing 
courses  of  irregular  calcareous  concretions ;  and  near  the  bot- 
tom, where  the  proportion  of  calcareous  matter  is  less,  strata 
of  soft  scLndstone^ 

These  strata  preserve  a  great  uniformity  of  character  through 
the  south-western  counties,  and  may  be  very  advantageously 
studied  in  the  fine  sections  on  the  coast  <mi  either  side  of  Brid- 
port  harbour.  An  account  of  these  will  be  found  in  the  note, 
and  may  serve  as  a  general  type  of  their  disposition  in  this 
quarter.* 

*  Section  of  Dotvn  cliff  between  Seaton  and  Thomeombe^  Hvo  miles  ivest  of 
Bridport  harbour* 
The  hill  rising  gbove  the  cliff*  exhibits  a  cap  of  forest  marble,  or  rather 
of  the  great  ooHte  assuming  the  character  of  ths^t  rock ;  beneath  this  the 
cliff  e^^hibits 

feet. 
J .    Inferior  oolite  and  sand  alternating,  the  sand  towards  the  top 

passing  into  marie,  about 80 

2«    Sandymarle 50 

3.  Rusty  sand  with  ferrorargiUaceous  concretions  whos*  cavities 

are  filled  with  sand 50 

4.  Greenish  blue  micaceous  sandy  marie,  containing  indurated 

concretions  of  similar  constitution • .» SO 

This  passes  into  the  lias  marie,  on  which  it  rests. 
Immediately  on  the  east  of  Burton  clifF  (about  three  miles  east  of  Bridn 
port  harbour)  the  fullers'  earth  may  be  seen  resting  oi^  the  above  beds. 
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^  In  the  midland  counties  ihe  calcareous  matter  is  less  abun- 
dant in  these  beds,  and  a  ferruginous  sand  and  sandstone, 
containing  a  rerjr  small  proportion  of  lime,  predominates.  The 
firist  beds,  as  exhibited  in  the  section  last  referred  to^  appear 
to  be  wanting,  or  at  least  are  so  blended  with  the  fullers' 
earth  rock  and  great  oolite  as  not  to  be  distinguishable ;  while 
strata  analogous  in  character  to  No.  2,  3,  and  4  of  that  section 
are  here  exhibited  on  a  much  larger  scale,  and  preyail  exclu- 
sively oyer  extensive  districts,  constituting  that  broad  tract  of 
red,  or  rather  reddish-brown  ferruginous  sands,  so  well  known 
in  tile  north  of  Oxfordshire,  Northamptonshire,  and  Rutlaad- 
shire. 

In  Oxfordshire,  the  series  below  the  fullers'  earth,  as  far  as 
they  can  be  ascertained  in  the  neighbourhood  of  Banbury, 
appears  to  be, 

1.  Sand  and  sandstone  with  a  slight  calcareous  mixture, 
highly  ferruginous  and  frequeintly  micaceous,  sometimes  con- 
taining large  scales  of  mica  in  great  abundanQe ;  the  sandstone 
sometimes  forming  hard  flagstones,  but  more  generally  soft* 
Few  fossils,,  and  those  chiefly  belemnites,  occur,  but  towards 
the  bottom  are  some  beds  containing  rather  more  calcareous 
matter  and  more  abundant  fossils ;  these  are  externally  of  a 
rusty  brown,  and  internally  of  a  greenish  grey  colour,  derived 
from  the  suboxide  of  iron.  The  white  pearly  shells  of  nu- 
merous plicated  terebratuls,  scattered  through  this  dark 
ground,  and  having  their  interior  coated  with  crystallizations 
of  calcareous  spar,  give  a  striking  and  pleasing  character  to 
specimens  of  these  beds.  Ammonites,  belemnitei^,  and  gigantic 
Mmas  also  occur  in  them. 

llie  calcareous  sandstones  in  the  upper  part  of  this  series, 
afford  aii  indifferent  and  very  unsightly  material  for  archi- 
tectural purposes,  as  the  rusty  looking  buildings  which  cha- 
racterise the  neighbourtioods  of  Banbury  and  Northampton 
sufficiently  evince. 

The  whole  of  this  sandstone  series  is  generally  separated 
from  the  great  oolite  by  a  thick  clay,  corresponding  to  the 
fullers'  earth  clay ;  this  may  be  seen  particularly  in  the  descent 
of  Rolwright  hill  towards  the  east.  Beds  of  micaceous  loam 
also  alternate  with  the  sandy  strata. 

2.  Marie  and  marly  sandstone  corresponding  with  No.  4  of 
the  Down  cliff  section  (page  236),  and  probably  the  marie- 
stone  of  Smith.  This  marie  is  sandy,  gritty,  micaceous,  and 
generally  derives  a  green  colour  from  a  copious  admixture  of 
suboxide  of  iron.  At  first  sight  the  brown  ferruginous  sands 
much  resemble  the  iron  sand,  and  the  green  varieties  the  green 
sand,  beneath  the  chalk  formation.    The  micaceous  loams. 
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3vhen  more  than  usually  indurated,  wear  an  aspect  Tery  like 
the  loose  shillot  afforded  by  decomposing  greywacke.  It  con- 
tains regular  courses  of  concretions,  and  sometimes  continuous 
beds  of  an  indurated  calcareo-siliceous  gritstone  of  similar 
character  and  constitution.  This  grit  contains  casts  of  many 
shells,  but  the  shelly  matter  itself  is  rarely  preserved;  nor 
are  the  terebratulae,  which  characterise  the  lower  beds  of 
No.  1,  to  be  met  with  here.  The  characteristic  shells  will  be 
mentioned  under  the  proper  head*  Much  of  this  gritstone 
readily  decomposes  on  exposure  to  the  atmosphere,  hut  some 
of  the  beds,  or  rather  some  portions  of  those  beds,  possess  a 
very  high  degree  of  induration  :  they  are  occasionally  quarried 
and  squared  for  flag*8tones  or  excavated  for  troughs.  Some 
of  the  most  extensive  quarries  on  these  beds  will  be  found 
at  Fenny  Compton  hill,  a  little  west  of  the  tvmncl  of  the 
Oxford  canal,  on  the  borders  of  Oxford  and  Warwick  shires. 

The  hill  above  these  quarries  is  crowned  with  ferruginous 
jiandstone,  beneath  which  is  a  thick  bed  of  blue  clay:  then 
succeed  some  thin  alternations  of  marly  rocks  and  clay,  and 
lastly  comes  the  great  mass  of  the  green  coloured  calcareous 
grit,  which  is  quarried  to  the  depth  of  30  or  40  feet. 

Thus  we  have  seen  the  lowest  beds  of  this  series  to  consist 
of  a  green  sandy  marie,  containing  concretions  and  rock  masses 
of  similar  character,  both  in  Oxfordshire  and  Dorsetshire.  In 
the  intermediate  district  the  same  concretions  may  be  traced, 
as  particularly  near  Stinchcombe  in  Qloucestershire,  and  Hintoii 
St.  George  in  Somersetshire  :  they  are  there  called  sand-burs 
or  clay-burs,  and  are,  we  believe,  the  beds  designated  by  Mu. 
Smith  as  marle-stone.  These  beds  form  a  gradual  transition 
into  the  lias  marles. 

If  we  are  correct  in  assigning  the  sandy  beds  of  the  eastern 
moorlands  of  Yorkshire  to  this  formation,  we  must  add  to  the 
above  account  thin  seams  of  imperfect  coal,  as  occurring  among 
its  members:  this  subject  will  be  however  considered  here- 
after. 

(b)  Mineral  contents.  The  beds  included  in  this  section 
present  little  deserving  notice  under  this  head.  The  fullers' 
earth  contains  fibrous  calcareous  spar ;  and  the  inferior  oolite 
at  Dundry,  occasionally,  though  very  rarely,  affords  quarts 
crystals.  Common  calcareous  spar  of  course  occurs  abundantly 
in  most  of  the  beds. 

(c)  Organic  remains.  Those  of  vertebral  animals  are  very 
rare  in  all  these  beds :  a  series  of  vertebrae  were  however  dis-» 
covered  a  few  years  back  in  the  marly  sandstone  of  Wark- 
worth,  Northamptonshire.  They  probably  belonged  to  some 
large  marine  lacerta,  but  were  dispersed  )$oon  after  their  dis« 


Digitized  by 


Google 


Sect.  VI.    Lower  Dv&Uion-^Inferior  OoUte^  Sfc.     230 


coveiy^  and  none  of  them  could  be  recovered.  Fragments'  of 
the  claws,  &c.  of  marine  Crustacea,  of  the  crab  or  lobster 
families,  occur  in  the  inferior  oolite  at  Dundry,  and  ia  the- 
marly  sandstone  in  the  north  of  Oxfordshire.  The  Testaceous 
remains  (as  far  as  they  have  been  hitherto  figured)  of  these 
beds  will  be  found  in  the  following  list.  The  species,  in  the 
column  assigned  to  the  inferior  oolite,  which  have  an  asterisk 
prefixed,  have  all  been  found  in  the  quarries  of  Dundry  hill 
near  Bristol. 

The  disposition  of  these  remains  in  the  inferior  oolite  is  thus 
stated  by  Townshend.  The  lowest  bed  is  distinguished  by  its 
abundant  casts  of  ribbed  and  studded  Trigoniae ;  immediately 
over  this  is  a  hard  and  compact  coral  bed  containing  large 
specimens  of  Madrepora  cinerascens;  and  then  succeeds  the 
superior  bed,  abundantly  charged  with  the  other  fossils  of  the 
following  list. 

We  have  not  distinguished. the  organic  remains  of  the  sand 
mext  below  the  inferior  oolite,  since  they  are  few,  and  mostly 
the  same  with  those  of  the  oolite. 

.  The  fossils  of  the  lowest  members  of  this  sand  and  sandstone, 
where  they  touch  and  gradually  pass  into  the  upper  lias  marl«, 
will  be  found  under  the  column.  Marly  Sandstone ;  we  have 
not  however  incorporated  those  assigned  to  the  marlestone  by 
Mr.  Smith,  since  he  states  that  there  exists  great  difference 
between  the  various  beds  of  this  marie  in  this  respect,  and  we 
incline  to  believe  that  he  includes  under  this  name  our  marly 
sandstone  and  upper  lias  marie.  This  point  cannot  be  deter- 
mined till  the  publication  of  his  ''  Strata  Identified,  &c."  has 
proceeded  further ;  the  fossils  placed  by  us  in  this  column  have 
all  been  found  in  the  north  of  Oxfordshire  and  the  adjacent 
district,  where  these  beds  are  displayed  in  the  most  striking 
manner.  Thiey  mostly  come  from  the  bottom  beds, of  the 
green  micaceous  sandstones  which  rests  on  a  cream-coloured 
marie,  introducing  the  upper  members  of  the  lias  clays :  the 
terebratulae  however  characterise  the  upper  beds  of  this  green 
sandstone  at  the  foot  of  the  browner  sands. 

Chambered  univalves. 

Fuilert*  Earth,  Inferior  Oolite.         Marly  Sandstone* 


Ammonites 
A*  modiolaris. 

Smith,  fig.  2. 
It  may  be  doubted 
however  whether 
this  does  not  rather 


*  J*  discus,     r.  12. 

A^  concavus.     T.  04. 
f.  1. 
*A.  elegans.     T.  94. 

^.jugosus.  T.92.f.l. 
*^.  Banksii.    T.  200. 


A.  elegans.    T.  94. 
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beloDg  to  the  iofe- 
rior  oolite* 


NauHUtes. 
f.  L 


Smith. 


Beiemnites 
(slender  with 
deep  grooTe  from 
the  apex. 


♦^.Blagdeni.  T.201. 
*A,  Brackenridgli.  T^ 

184. 

♦^.  Brochii.    r.302, 
ji.  Brogniarti  (see  p. 

19a  vol.  2.) 
ji.  Gervillii    (see  p. 

180.  vol.  i.) 
^.  HenreyL  T.  195. 
A.  Stokesi.  T.  191. 
J.  Walcottii.  T.  106 
♦y#.  Sowerbii.  T,«13. 
J.  Annolatus*  T.$3^ 
A,  Strangewaysii.   T. 

254.  f.1.3. 
^.fakattts.     T.254. 
f .  2. 
*A.  falcifer.     T.  256. 

f.2. 
*A.  BrowoL     T.  263. 

f.4. 

^Nautilus  lineBtns.  T. 
41. 

N.  obesns.      T.  124. 

iV.  sinuattts.    T.  194. 

Beiemnites 

—  slender  with  a  deep 

groove    from   the 
apex. 

—  long  slender  with' 
out  any  groove. 

♦ —  aety  thick  &  short, 
the  alveolar  cavity 
occupying  nearly 
the  whole  of  the 
shell. 
The  Beiemnites  figu 
red   by  De  Montfort 
(QoQchyliologie  Syste- 
mitique,  torn.  1)  under 
the  names  Cetocis  gla- 
ber,  93genus9  &  Hibo 
lites  hastatus,  97  genus, 
occur  at  Dun^iy. 


A.  Brookii.  T.  190. 
A.  Beechu.  T.  2S9« 
Nautilus. 


Beiemnites — many 
with  very  large 
alveoH  &  exactly 
resembling  those 
in  the  upper  lias 
marie. 
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Trochus    (casts   of 

*  Trochus  similis.     T. 

Trochus  f  a  small 

them.) 

142.  upper  figs, 
r.  concavus.   T.181. 

f.  3. 
T.dimidiatttS.  T.181. 

f.  1.4. 
T.duplicatus.  T.181. 

f.  5. 
*T.  elongatus.  T.193. 

species. 

f.  2  to  4. 

\ 

♦T.punctatus.  T.193. 

« 

f.  1. 

*T.  abbreviatus. 

T.  193.  f.  5. 

♦T.  fasciatus.    T.^20. 

f.  1. 

+  T.granulatus.  T.220. 

f.2. 

*T.  sulcatus.    T.220. 

f.3. 

*T.omatus.     T.  221. 

f.  1. 

*T.  bicarinatus. 

T. 221.  f.2. 

*Nerita  laefigata. 

T.217.  f.  1. 

*  Cirrus  nodosus* 

T.141.f.2.&219. 

f.  12. 4. 

*C.  Leachi.      T.  219. 

f.3. 

Planorbis    euompha- 

lus.  T.  140.  f.  8.9. 

Melanea  lineata. 

T.218.  f.  1. 

*M.  Heddiogtonen^s. 

T.  39. 

Twr^o  ornatus.T.240. 

Turbo  f 

f.  1.2. 

*Rostellaria.  3  species 

not  figured. 

TurriteUaf  3  species. 

, 

Ampullaria.  3  species. 

Conns  ^  (casts  of). 

Helicina  polita.    ' 

2h 

T.  285. 
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Tubular  irrisgulau  Univalves.   Annelidoe  of  Lamarck. 


'  Fullers'  Earth. 

Inferior  Oolite. 

Marly  Sandstone, 

Serpula  trlquetra. 

Serpula. 

EquIVALVED  BfVALVES. 

*Trigonia  costata. 

T.  85. 

Trigonia  clavellata 

♦r.  clavellata.    T.  87. 

(small    variety.) 

*T.  striate.       T.  237. 

T,  87.  and  some 

f.  1.2.3. 

other  species. 

r.dupiicata.  r.237. 

f.4,5. 
Area  f 

*Cucull(Ba  oblonga. 

Cuculltea, 

T.20S.  i.l.% 

*Nucula  margartacea? 

cent  shell. 

Car  (Hum  ^     (Smith, 

fig.  5.) 
CardiOt^       (Smith, 

*C0rdium^ 

*Cardiia  obtasa. 

Cardita. 

fig.  4.) 

T.  1«7.  f.  % 
*C.  lunulata.     T.  232. 

f.  i;2. 
*C.  simiKs.  7.232.  L3. 

C.prodncta.    T.  197. 

Cardita  producta. 

This  approaches  much 

T.  197. 

to  some  of  the  follow- 

ing species  of  Lutraria; 
an^  the  hii^e  has  not 

been  ascetained. 

Lutraria  gibbosa. 

*Lutrnria  gibbosa. 

Lutrari0  gibbosa. 

T.  42. 

T.42. 
*L.  lirata.     T.  225. 
♦L.  ambigua.    T.  227. 
*Astarte  excavata. 

T.  233. 
*A.  lurida  ?   a  variety. 

r.  187.  f.i. 

*  Jf .  (])uneata  ?  a  variety* 
T.  137.  f.3. 

r.42. 

Astarte  iyjdki^ 

A,  ovata« 
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Fullers*  E/trth. 

btferior  (Mite. 

M^^  Sandstone. 

.Unto, 

UnhUsitn.  T.  154. 

l7moList«duT.154. 

f.  3.4. 

f.  3.4. 

U*  concimia  ?  T.  233. 

U.  concinfia..  T.223. 

i.\.% 

f.  1.  2. 

This  rather  belongs 

perhaps  io  the  lower 

sandy  beds. 

M^af 

^M^a  intermedia. 

r.76.  f.]L. 

*i¥.V.scripta.  71224 

ifya  V.  seripta^ 

*Fistulana  ampul  laria. 

r.224. 

Parkinson,   vol.  3. 

T.  14.  f.  2.4.6.7. 

PMyUlus^     figured    in 

Tgwnsend's  Charac- 

ter of  Moses.  PI.  14. 

f.4. 

Modhla  anatiaa, 

*Modiola  plicata. 

) 

(Smith,  fig.  3.)  & 

7\  248.  f.  1. 

sonae  other  species. 

M.  cuneata.     T.  211- 

Modiola  euseata. 

f.l.&248.  f.2. 

T.  248. 

*Don^. 

Venus  ?  two  orthree 

gpecies. 

TelUna^     (Smith, 

*Pinna  lanceolata. 

fig.  6.) 

T.  281. 

TerebrcUula   (non- 

Terebratula    (nonpli- 

Terebratula      (not 

pKcated  Tarieties.) 

cated  varieties.) 

plicated.) 
T.  subrotunda, 

r.l5.  f.  1.2. 
T.  punctata.  T.  15. 

f.4. 

jr.  intermedia. 

♦r.  intermedia.  T.  15. 

T.  oTata.      T.  15. 

T.  15.  f.  8. 

f.  8. 
♦r.  camea.       T.  15. 
f.  5&ft. 

f.  3. 

*r.semigloba.   T.  15. 

f.  9. 
♦T.  digona.     T.  96. 

T.  omithocephala. 

♦T-ormthocephala. 

T.lOl.  f.  1. 

T.lOl.  f.  1. 
r.  acuta.     T.  150. 

f.  1.2. 
T.  resupinata.  T.150. 

f.3.4. 

2h2 
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Terebratula  (plica- 
ted varieties.) 
T.  media.    T.  83, 
f.  5. 


T.  lateralis.  T.  83. 

f.  1. 
r.coDcinna.r.83i 

f.6. 


Ostrea  rugosa. 
O.  acuminata. 

T.  135.  f.  2. 
O.  Marshii.  T.  48. 


Pecten. 

Walcot's   Bath 
fossils,  f.  37. 


Terebratula    (plicated 

yariettes.) 
*r.  media.  T.  83.  f.5 
T.  obsoleta.      T.  83 

f.7. 
T.  spinosa,  figured  in 
Townsend's  charac 
ter  of  Moses.  Plate 
14.  f.8&9. 


Ostrea  trichites  ?  the 
fibrous  shell  of  which 
fragments  are  common 
in  this  formation. 

Ostrea  rugosa. 
O.  acuminata.  T.135. 
f,2. 

*0  gregarea.     jT.  111. 

f.  1. 
*0.  palmata.    T.  Ill, 

f.  3. 
O.  resembling  grega- 
rea, but  finely  tu- 

berculffted 
*Pecten  lens.    T.  105. 

f.  2. 3. 

*P.  barbatus 

P.  fibrosus. 

f.4. 
P.  equivalvis.  r.  136 

f.  1. 
*Lima  proboscidea. 

T.  2.  f.  64. 
L.  gibbosa. 
*Avtcula  costata. 

7'.  244.  f.  1.  also  a 

variety  with  tuber- 

culate  ribs. 
*Perna  Aviculoides. 

T.66. 
Crenaiula? 


T.281. 
r.  136 


Terebratula  (plica- 
ted.) 

T  tetraedra.  r.83. 
f.4. 

T.  cnimena.  r.83. 
f.2.3. 


Ostrea  several  spe- 
cies. 

Gryphcea  dilatata. 
T.  149. 


Pecten  several  sp€« 
cies. 


Lima  proboseidea^ 
!r.264, 
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Plagiostoma  ovalis. 
J1114.  f.5. 


^Plagiostoma  punctata 

T.  114.  f.  1. 
♦P.rigida.  T.llS.f.l, 
♦P.gigantea?    T.  77, 

a  flatter  variety- 


These  beds  present  the  following  species  of  the  famHj 
Echinus. 

The  fullers'  earth  and  rock  contains  the  same  depressed 
species  of  Conulus  with  the  combrash,  Parkinson,  vol.  3.  T.  2. 
f.  2.  The  inferior  oolite  contains  Cidaris  subangularis  (Par- 
kinson, vol.  3.  T.  1.  fig.  4),  another  Cidaris  not  described,  a 
third  species  resembling  the  Echinus  angulosus  of  Lamarck, 
Encycl.  Method,  PI.  133.  f.  7.,  and  a  fourth  belonging  to  the 
Lamarckian  genns  Echinus,  but  not  described.  The  Clypeus 
sinuatus,  and  a  smaller  species  called  by  Wiwydd  clunicularis, 
-  also  occur  in  the  inferior  oolite. 

We  have  not  as  yet  met  with  any  Echinites  in  the  sandy 
beds  beneath  the  inferior  oolite. 

Of  the  Encrinital  family,  the  Pentacrinites  caput  medusa; 
and  Pentacrinites  subangularis  of  Miller,  occur  in  the  inferior 
oolite  and  likewise  in  the  marly  sandstones. 

Of  the  Coralloid  order  several  genera  occur  in  the  inferior 
oolite ;  viz.  an  Astrea  resembling  A.  siderea,  a  species  inter- 
mediate between  Astrea  and  Mceandrina,  a  Caryophyllia,  a 
Fungia,  a  Cyclolites  (the  C.  elliptica  of  I^marck),  the  Alecto 
of  Lamouroux  (see  his  new  edition  of  Ellis,  T.  81.  f.  12.),  and 
a  Cellepora. 

Townsend  also  mentions  the  Madrepora  cinerascens  (Expla* 
naria  mesenterina  of  Lamarck),  as  found  in  the  inferior  oolite. 
None  of  these  have  yet  occurred  in  the  inferior  sands. 

Traces  of  Jlcyonia  are  observable  both  in  the  inferior  oolite 
and  marly  sandstones. 

{d)  Range  and  extent.  These  beds  stretch  diagonally  across 
the  island  from  north-east  to  south-west,  sometimes  forming 
the  north-western  portion  of  the  great  chain  of  Stonebrash  hills 
described  in  the  preceding  section,  and  at  others  entirely 
confined  to  their  escarpment  in  that  direction.  .The  former 
case  occurs  when  the  hills  are  low,  as  in  the  midland  counties ; 
the  latter  where  they  are  lofty  and  steep,  so  as  to  comprise 
the  aggregate  thickness  of  these  beds  in  the  interval  between 
their  base  and  summit.  This  generally  takes  place  in  the  Cot- 
teswolds  of  Gloucestershire,  and  in  the  part  of  the  chain  which 
traverses  the  north  of  Somersetshire. 
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Inr  the  ttorih-eastem  counties  (in  which  direction  we  dhali 
begia  U>  trace  their  course),  these  beds  constitute  the  sandy  dis- 
trict of  the  eastern  moorlattds  in  Yorkshire,  if  our  views  of  the 
geological  structure  of  that  country  be  correct ;  but  for  the  rea- 
sons so  often  alreadiy  glven.^  the  particular  examination  of  that 
district  must  be  refenred  to  a  distinct  article. 

Crossing  the  Humber  into  lincolnshire^  we  find  these  beds 
occupying  the  western  portion  of  the  Stonebrash  hills,  which 
(as  we  ha-ve  before  seen)  trayerse  that  county  near  its  western 
border  from  north  to  south.  The  ferruginous  freestones  atten- 
dant on  this  part  of  the  series,  are  weli  displayed  on  the  borders 
of  Lincolnshire  and  Leicestershire,,  in  the  hills  above  GrrantEam 
and  the  vale  of  Belvoir. 

Proceeding  southwards,  they  occupy  all  the  western  half  of 
Butland  and  the  adjoining  border  of  Leicestershire,  extending 
from  about  two  mileft  east  of  Uppingham  as  far  nearly  as 
Houghton  on  the  Leicester  road«  They  are  however  covered 
in  many  places  with  vast  accumulations  of  transported  blocks  of 
gravel  near  their  junction  with  the  lias,  whidir  is  therefore  often 
obscure.  Burrough  hill,  crowned  with  an  extensive  Roman 
damp  (about  five  miles  north-east  of  Houghton)^  forms  a  pro* 
minent  siuamit  terminating  and  commanding  the  range,  and 
abounds  with  fossils.  It  does  not  appear  that  this  district  has 
as  yet  been  examined  with  sufficient  attention  to  ascertain  th^ 
lines  of  junction  of  the  beds  of  which  we  are  now  treating, 
either  with  the  incumbent  oolite  or  subjacent  lias,  in  a  mannef 
fully  accurate  and  satisfactory. 

()n  entering  Northainptonsfaire,  the  upper  junction  of  these 
beds  with  the  great  oolite  has  already  been  traced  with  suffi- 
cient minuteness  in  the  preceding  section ;  the  inferior  junctioii 
with  the  lias  clays,  from  Rutland  to  the  confines  of  Oxfordslure, 
Gloucestershire,  and  Warwickshire,  pursues,  generally  speak- 
ing,^  the  lower  region  of  aa  escarpment  of  hills  ranging  from 
north-east  to  south-west.  This  escarpment  is  however  brc^en 
into  by  many  transverse  vallies,  which  form,  as  it  were,  deep 
and  broad  bays  in  it,  and  of  course  produce  similar  indentations 
in  the  junction  which  follows  them^  The  first  of  these,  reckoning 
from  east  to  west,  is  that  which  extends  from  Market  Har- 
borough  to  the  south  of  Maidwell,  but  this  junction  is  much 
concealed  by  alluvial  debris  throughout  this  tract.* 

*  It  would  be  easy  to  collect  from  the  transported  blocks  in  the  vicinity 
of  Harborough  alone,  a  tolerably  complete  suite  of  English  rocks  from  chant 
to  transition  slate.  A  vast  tract  of  these  debris  stretches  over  the  Can  clay 
at  ihe  foot  of  the  escarpmenrt  described  im  the  text  aloag  the  borders  of 
Leicestershire  and  Warwickshire  from  HoughCoa  b^  Harbotough,  Lutter* 
worth,  and  Rugby,  towards  Daveutry:   the  alluvium  must  he  of  great 
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-  Oa  ike  meat  oC  Mmrket  H^trborengh  ihe  itas  cli^  iore  seen  :at 
Oxendmi  and  Mttrston  TiuBael^  and  the  escarpment  of  the  fer* 
TOginoas  <saiidf  nagjsB  adixMne  thew  places  ixiwards  the  eventful 
plains  of  Naseby lieath,  andliienoe  bj  Waifovd,  and  near  whkh 
it  approaches  and  accompanies  on  die  east  the  iiae  of  the  Garand 
IMon  Canal,  which  enters  aad  midemines  that  escarpment  at 
Crick  tomd^-'-^he  tunnel  (being  excarated  tnthe  sabjaoent  lias 
oia^  beneath  the  imrly  sandstone  which  ccowns  the  eacai|>» 
meat.  Havung  fossed  the  ridge,  the  canal  traverses  a  denuded 
rallejr  on  the  lias  dagrs  as  €ar  as  its  junction  with  the  branch 
coanrunicating  with  the  Oxford  Canal,  which  passes  the  same 
ridge  Mier  ciicnmstanoes  exactly  i^fBiilar  at  Braunston  tunneL 

The  breadth  of  the  district^  ferru^oous  sands  in  ibid  part 
of  i^  conrse,  is  Tery  considerable ;  it  is  dil&cult  boweTer  to  state 
it  correctly,  on  acoount  of  the  very  tortuons  lines  fmrmed  both 
by  its  sap^or  and  inferior  junction,  but  if  we  reduce  these  to 
Imes  expressing  (their  mean  couii»,  the  distance*  between  them 
will  average  about  ten  aniles.  The  acco«uit  given  under  the 
head  '^  (a)  Chemical  and  external  characters''  of  the  varieties 
presented  by  these  beds  in  the  midland  counties,  will  sufficiently 
explain  the  stnu^iiire  of  this  tract. 

Near  the  tunnels  above  mentioned  at  Crick  and  Braunston, 
the  warped  edge  of  •these  beds  lorms  a  long  level  ridge  of  iocon* 
stderable  height ;  but  near  Daventry  (about  a  mUe  west  <of 
which  iown  the  escarpment  ranges)  it  becomes  broken,  and 
varied  with  loftier  summits  rising  above  the  general  surface  vt 
the  platform. 

Such  are  fiurrow  hiU  near  Daventry,  crowned  with  one  of  *tke 
most  «x}tenaive  ancient  camps  in  the  island ;  Arbury  hill,  simi* 
larly  fortified  and  distinguished  as  a  station  in  the  trigono« 
metrical  survey;^  this  rises  604  feet  above  ^e  level  of  the 

depthy-4ft  often  focms  low  ridges  of  iiill»,  and  in  -some  ioscancet  ^  neocr 
^avntton)  caps  the  escarpment. 

♦  The  accuracy  of  the  astronomical  observations  made  at  Arbury  has 
been  called  in  question  in  the  controversy  respecting  the  measure  of  the 
meridianal  arc  deduced  from  this  survey.  One  writer.  Captain  Kater,  has 
avppoaed  that  a  deflection  ef  the  pkim4iiietnay  have  been  produced  br  the 
attraction  of  some  rock  of  greater  density  at  no  great  depth  beneata  the 
surface,  arguing  to  the  probability  of  such  a  circumstance  from  the  occur- 
rence of  the  sienitic  group  of  Chamwood  forest,  about  25  miles  north  of 
(his  hill.  An  exact  knowledge,  however,  of  the  structure  of  this  district, 
demonstrates  that  the  probability  is  every  way  against  this  supposition* 
The  lias  and  new  red  sandstone  formations  are  in  this  quarter  very  regular, 
and  cannot  be  together  estimated  at  less  than  1000  feet  in  thickness;  and 
as  nothin?  in  any  of  the  neighbouring  denudations  indicates  the  protrusion 
of  any  ridge  of  the  older  and  elevated  rock  strata  through  this  mass,  there 
ii  every  appeftrajKe  that  it  would  be  necessary  to  amk  to  this  depth  before 
aay  such  rock  could  be  met  with. 
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sea ;  the  sarrounduig  and  adjacent  summits  of  Studburj,  Sta« 
verton,  Rjdon,  fiadby,  and  those  a  little  farther  south  at  Cher« 
welton,  Hellidon^  and  fijfield,  nearly  rival  Arbury  in  height : 
they  have  the  general  appearance  of  a  series  of  rounded  conical 
knolls  scattered  confusedly  over  a  platform  of  lower  elcTation, 
and  constitute  by  far  tlie  most  varied  and  picturesque  scenery 
in  this  part  of  the  country :  they  are  entirely  composed  of  the 
ferruginous  sands,  which  also  crown  the  insulated  and  detached 
(or  outlying)  hills  of  Shuckborongh  and  Napt(m,  rising  from 
the  lias  plains  at  the  foot  of  the  escarpment  on  the  west  :t  about 
four  miles  south  of  these  is  another  similar  outlier  on  which 
stands  the  village  of  Boddington.  This  group  of  eminences 
round  Arbury,  inconsiderable  as  is  their  absolute  height,  are 
yet  the  most  elevated  ground  in  this  part  of  the  island,  and  shed 
their  waters  to  three  different  quarters  of  its  circumference,  a 
distinction  in  which  they  have  few  rivals ;  for,  as  Moreton  ob- 
serves, '^  from  Hellidon  downs  there  springs  forth  the  Leame 
(which  flows  westwards  by  Leamington  into  the  Warwickshire 
Avon,  and  thus  is  finally  emptied  through  the  Severn  into  the 
Bristol  Channel);  from  Studbury  hill,  or  very  near  it,  the 
Nyne  or  Nen  (which  flows  eastward  till  it  disembogues  in  the 
»9tuary  of  the  Wash  on  the  German  Ocean)  ;  and  lastly,  from 
the  hills  on  the  north-west  of  Cherwelton,  j:  the  Cherwell 
(which  flows  south  into  the  Thames) ;  and  M  these  springs  are 
within  an  equilateral  triangle  whose  sides  do  not  exceed  about 
a  mile  in  length.  From  Studbury  hill  alone,  indeed,  and  the 
grounds  at  the  foot  of  it,  the  rain  water  that  falls  there  runs 
down  to  three  difierent  points;  a  part  of  it  westward  to  the 
Leame ;  another  part  eastward  to  the  Nen ;  and  the  rest  south- 
ward  to  the  Cherwell." 

These  scattered  summits,  evidently  the  fragments  of  strata 
which  have  been  once  continuous,  demonstrate  to  what  an 
extent  the  action  of  the  denuding  causes  has  taken  place  in 
this  quarter.  The  same  causes  appear  to  have  formed  that 
deep  and  broad  valley  indenting  the  course  of  this  chain  like  a 
deep  bay,  through  which  the  Cherwell  flows  to  the  south  (the 
western  branch  of  that  river  rising  within  it,  and  the  eastern 
soon  entering  it) :  the  Oxford  canal  avails  itself  of  the  level 
tract  of  the  same  valley,  which  completely  traverses  and  bisects 
the  course  of  the  Stonebrash  hills ;  this  valley  is  excavated  in 
the  lias  clays  as  far  as  Banbury  and  a  little  to  the  south  of  that 

f  These  are  erroneously  coloured  as  if  they  were  entirely  composed  of 
lias  in  Mr.  Greenough's  map. 

i  Near  Cherwelton  there  is  a  small  accumulation  of  chalk  flint  gravel, 
and  other  alluvial  debris  iu  the  bottom  among  the  hills. 
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tovm^  but  the  ferruginous  sands  cross  it  between  Adderbury 
and  Astrop. 

On  the  west  of  this  vallej,  an  elongated  and  insulated  ridge 
of  hills,  capped  by  the  strata  belonging  to  this  part  of  the 
series^  extends  from  the  north-east  angle  of  Oxfordshire  into 
the  contiguous  parts  of  Warwickshire,  ranging  on  the  west  of 
Feunj  Compton  (the  quarries  of  which  place  haye  been  already 
mentioned  in  describing  the  general  characters  of  the  forma- 
tion), to  North  End  in  Burton  Dasset  parish.  This  ridge 
forms  a  projecting  head-land  advancing  over  the  subjacent  lia9 
plains,  and  commanding  extensive  views  towards  the  Malvern 
hills  at  the  distance  of  40  miles. 

A  breadth  of  one  mile,  exposing  a  Valley  of  denudaiion  in 
the  lias  clay,  and  conveying  a  streamlet  which  joins  the  Cherwell 
at  Banbury,  separates  this  ridge  from  the  range  of  Edge  hill^ 
an  elevated  platform  terminating  in  a  sharp  angular  point  (near 
which  is  a  very  perfect  Roman  camp)  on  the  north,  and  form- 
ing what  may  be  considered  as  the  eastern  promontory  of  the 
great  lias  bay  of  Shipston  on  Stour,  which  has  been  before 
mentioned  as  deeply  indenting  the  general  line  of  the  hills  of 
this  formation.  The  escarpment  of  Edge  hill,  which  commands 
extensive  views  towards  the  chain  of  Abberley  and  Malvern, 
is  very  abrupt  and  almost  precipitous  towards  the  north  and 
west,  and  nearly  coincides  with  the  boundary  Hue  of  Oxford 
and  Warwickshire.  In  the  latter  direction  a  little  south  of  the 
inn  called  Sunrising  (where  the  road  to  Stratford  branches  off 
from  that  to  Warwick)  a  colossal  figure  of  a  horse,  similar  in 
design  to  that  of  the  Berkshire  downs,  deeply  excavated  in 
the  ferruginous  sands,  formerly  gave  from  its  colour  the  name 
of  the  vale  of  the  Red  horse  to  the  plains  of  Shipston  beneath. 
The  original  figure  has  been  destroyed  by  recent  enclosures;" 
and  modem  art  has  only  replaced  it  by  a  miserable  colt ;  the 
breed  appears  to  have  become  degenerate ; 

^*  Fenalepecus  Corythoe  postcritas  et 
HirpiniJ*^ 

As  far  as  the  Red  horse,  the  platform  of  Edgehill  is  varied 
only  by  long  vallies,  furrowing  it  to  convey  tributary  streamlets 
towards  the  Cherwell  in  a  south-east  direction ;  but  on  the 
south  of  this  point  a  groups  of  rounded  conical  summits,  (ex- 
actly resembling  those  already  described  near  Arbury  hill  in 
Northamptonshire)  rises  above,  and  breaks  its  long  level  out- 
line. Shenlow  hill  above  the  village  of  Shennington  (which 
stands  on  the  brink  of  a  picturesque  valley)  is  the  most  north- 
erly and  conspicuous  of  these  summits ;  Epwell  hill  is  another 
point  of  the  same  groupe,  and  is  estimated  in  the  Trigono- 
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metrical  Survey^  for  which  it  furnished  one  of  the  stfttions,  at 
^36  feet  above  the  sea.  The  adjacent  country  afifords  the  finest^ 
or  indeed  (with  the  exception:  of  some  parts  6f  the  Tale  of 
pxford)  the  only  good  scenery  in  Oxfordshire.  These  hillt 
are  entirely  formed  of  the  ferruginous  sands;  the  subjacent 
marly  sandstones  occupy^  the  escarpment  of  the  general  plat-* 
form. 

.  Near  the  foot  of  the  Ep well  hills,  is  one  of  the  subsided 
portions  of  oojite  which  has  been  described  in  the  preceding 
section. 

On  the  west  towards  Brailes  (stretching  in  a  bold  range  by 
Compton  Winyate),  the  descent  of  the  escarpment  presents 
many  beds  of  ferruginous  sandstones  alternating  with  loamy 
marles,  resting  on  a  thick  bed  of  dark  blue  clay,  beneath 
which  is  a  lower  terrace  of  the  marly  sandstones  resting  on  the 
lias  clay.  Brailes  hill  or  rather  hills  consist  of  two  detached 
and  lofty  summits  rising  like  islands  from  the  great  lias  bay  of 
Slripston  (or  Vale  of  Red  horse)  one  on  the  north- west,  and 
the  other  on  the  south-west  of  Brailes  ;*  these  agree  in  com- 
position with  the  opposite  escarpment,  but  the  greater  of  them 
(the  southern  hill)  exhibits  in  one  field  on  iti  summit  a  patch 
of  oolite. 

South  of  Brailes,  the  escarpment  ranges  by  Whichford  and 
Loog  Oompton  under  the  Rolwright  hills,  which  exhibit  oolite 
on  their  summit.  These  constitute  what  may  be  considered  as 
the  southerly  boundary  pf  the  lias  bay  of  Shipston  (or  vale  of 
Red  horse) ;  but  the  Eyenlode,  which  rises  in  this  quarter, 
flows  southward  through  a  valley  which  forms  a  prolongation, 
or  to  preserve  the  metaphor  a  creek,  opening  into  that  bay, 
^nd  traversing  the  oolite  hills ;  this  continues  tolerably  broad 
(more  than  a  mile  across)  till  it  approaches  Shipston  under 
Whichwood* 

The  ridge  noticed  in  the  preceding  section  as  running  on  the 
north-west  from  Whichwood  forest,  and  being  covered  with  a 
cap  of  the  great  oolite,  forms  the  western  boundary  of  this 
nrale.  The  strata  beneath  this  oolitic  cap,  as  seen  on  both 
sides  the  ridge,  at  Idbury  on  its  eastern  escarpment,  and  the 
denuded  valley  of  Great  Rissington  on  the  west,  are  first,  clay 
throwiug  out  a  series  of  springs,  then  ferruginous  sandstones 
containing  belemnites  and  terebratulae  (great  Rissington  stands 
on  these  beds)  and  beneath  these  clay  again,  containing  large 
concretions  of  the  marly  sandstone  of  extraordinary  induration.  , 
The  hills  proceeding  north  from  Stow  in  the  Wold  above  More- 

•  Inadvertently  coloured  as  lias  in  Mr.  Greenough's  Map ;  where  they 
are  marked  by  the  letter  u.  '       • 
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ton  in  the  Marsh  (though  separated  near  the  former  place  bj 
a  breach  opening  into  the  denuded  vale  of  Rissington)  form 
the  continuation  of  the  same  ridge  with  which  they  correspond 
in  composition.  These  constitute  the  western  border  of  the 
broad  part  of  the  great  lias  bay,  and  after  circling  round  a 
sort  of  oreek*  which  forms  the  vale  of  Campden,  terminate  in  af 
bold  promontory  at  the  Ilmingdon  hills  (the  north-west  cape 
of  this  bay),  immediately  on  the  north  of  which  lies  the  insu- 
lated sitmmit  of  Meon  hill :  all  these  points  have  been  des- 
cribed already  in  the  preceding  section.  The  strata  on  the 
escarpment  of  the  Ilmingdon  hills,  in  ascending  from  the  vil- 
lage, are  first,  a  thick  bed  of  marly  sandstone,  above  this  a 
series  of  clays  traversed  by  some  thin  beds  containing  Ammo- 
nites, &c.,  then  a  very  ferruginous  rock :  above  this  the  slope 
of  the  hill  is  more  gradual,  and  the.  road  is  not  sufficiently 
deeply  cut  to  exhibit  the  strata,  which  however  are  seen  to  be 
decidedly  oolitic  on  the  summit. 

FTom  this  promontory,  the  Cotteswolds  range  in  the  line 
already  sufficiently  described  in  the  preceding  section,  south- 
jsouth-west  by  Cheltenham  arid  Stroud  towards  Bath :  they 
appear  to  be  generally  capped,  by  the  great  oolite,  and  to 
exhibit  the  strata  we  are  now  describing  in  their  escarpment : 
most  of  the  insulated  (or  outlying)  hills  situated  in  advance  of 
the  chain  and  rising  from  the  lias  plains  on  the  west,  appear 
however  to  be  wholly  composed  of  them.  Breedon  hill  is 
however  so  lofty,  that  it  may  be  expected  (for  we  are  not 
aware  that  it  has  yet  been  attentively  examined)  to  exhibit  a 
cap  of  the  great  oolite ;  on  this  account  iet  has  been  mentioned 
in  the  preceding  section.  This  is  the  most  important  of 
these  outliers,  and  forms  a  considerable  group  of  hills  lying 
north-east  of  Tewkesbury ;  it  is  marked  k  in  Mr.  Greenough's 
Map.  The  Tredington  hills*  a  little  south  of  the  above 
(marked  i)-  are  capped  by  the  sandy  beds  of  the  inferior  oolite, 
as  are  Churchill  (marked  k)  in  the  north-east,  and  Robins  wood 
hill  on  the  'south  of  Gloucester. 

Mr.  Halifax  has  furnished  us  with  the  following  memorandum 
of  the  section  on  the  western  escarpment  of  Painswick  hill 
(north-west  of  Stroud),  which  well  illustrates  the  general 
structure  of  this  part  of  the  chain. 

*  TrediRgton  hilU  are  inadvertently  coloured  as  lias  in.  Mr.  GreenoqghH 
Map. 
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Vety  mlemeeout 


Sand  with  bed*  of 
unctuoutt  tlaty« 
blaith  clay. 


Blae  clay  witk  septaria. 


TUik  beds  of  grey  liac-likc 
aarl«  ttone. 


Lenticular  balls  of  indurated  marlc, 
cootaining  AmmoBitef*  and  parta 
offUh. 


Marly  tandstone;  a  yellowish  brown 
sandatone.  spangled  with  mica,  bloe 
at  the  heart,  abounding  in  large 
Belemnitea,  Pectem,  fcc. 


Marie  and  Clay. 


Clay,  with  veins  of  foxey  earth  containing  ferrugiDoos  nodules 
concentrically  formed  round  a  nocleus  of  JIm. 
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The  coarse  of  the  oolitic  hills  la  the  yicinit|r  of  Bath  has 
already  been  sufficientlj  noticed  in  the  preceding  section^  and 
it  13  now  only  necessary  to  add  that,  beneath  tiie  cap  of  the 
great  oolite  which  crowns  them,  the  series  of  strata  now  des- 
cribed occupy  their  middle  and  lower  regions,  occurring  in 
the  order  indicated  in  the  list  inserted  in  the  note  on  their 
chemical  and  external  characters  (p.  202),  which  may  serve  as 
a  type  of  structure  of  all  the  escarpments  surrounding  Bath.* 
The  inferior  oolite  generally  forms  lower  terraces  advanced  in 
front  of  the  higher  table-land  capped  by  the  great  oolite  ;  and 
to  the  west  of  the  general  line  of  the  escarpment,  often  con- 
stitutes detached  summits  or  outliers  (as. may  be  particularly 
observed  south  of  the  line  between  Bath  and  Bristol):  such 
are  the  ridge  on  which  Newton  park  stands,  the  conspicuous 
hummock  of  Stan  ton  bury  hill  (crowned  with  an  extensive  and 
perfect  ancient  British  camp,  connected  with  and  strengthening 
f  he.  Belgic  boundary  line  of  Wansdike),  the  three  conical  sum- 
mits, of  the  Barrow  hills  and  the  adjacent  ridge  called  the 
sleight, in  Timsbury  parish;  but  Dundry  hill  (three  miles  south 
of  Bristol)  is  the  largest  and  most  conspicuous  of  these  de- 
tached outlying  hills.  This  presents  a  long  narrow  ridge  nearly 
four  miles  from  east  to  west,  and  sending  off  a  short  branch 
from  its  western  extremity  towards  the  south-east ;  this  ridge 
rises  about  300  feet  above  .the  lias  platform  which  supports  it, 
and  700  feet  above  the  level  of  the  sea ;  it  has  a  thick  cap  of 
the  inferior  oolite  throughout,  which  has  been  very  extensively 
quarried  as  a  freestone  near  the  western  end ;  the  easterii  end 
exhibits  a  large  camp  corresponding  with  that  on  Stantonbury, 
and  forming  a  part  of  the  same  defensive  line. 

The  principal  escarpment  of  the  inferior  oolite  Ranging  on 
the  east  of  these  outlying  summits)  proceeds  from  Bath  io  the 
SQutb-sottth-east  above  English  combe,  Priston,  and  Paulton, 
being  intersected  however  by  several  deep  vallies  of  denudation 
which  cut  through  the  subjacent  beds  into  the  new  red  sand- 
Stone  oa  which  it  rests.  Clandown  above  Paulton  is  remark- 
able for  the  deep  pits  sunk  through  most  of  the  intermediate 
beds  into  the  regular  coat  measures  ;  one  of  these  exceeds  200 
fathoms  in  depth,  but  this  begins  in  the  lias ;  another,  just  on 
the  edge  of  the  hill  towards  Paulton,  commences  in  the  inferior 
oolite :  of  this  pit  (peculiarly  interesting  as  verifying  the  order 
of  all  the  intermediate  beds  and  exhibiting  an  instance  unique, 
as  far  as  this  island  is  concerned,  of  any  successful  experiment 

*  Some  interettine  facts  connected  with  the  subsidencet  and  ^slopes  of 
the  strata  in  this  nei|;hbourhood  wiU  be  found  under  the  head  huMaaiion 
0tui  ttraiifisathn. 
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to  reach  the  coal  from  beds  so  far  above  it  in  the  regular  series) 
a  section  will  be  hereafter  given.  No  inference  however  catf 
be  drawn  from  tliis  district  in  favor  of  similar  trials  elsewhere^ 
since  two  peci^liar  circumstances  here  concur ;  1st,  the  manner 
in  which  these  more  recent  beds  here  overlie  the  coal  field, 
resting  unconformably  in  horizontal  planes  on  the  truncated 
ends  of  the  highlj  inclined  strata  belonging  to  the  coal  mea- 
sures; and  2ndly,  the  thinning  out  of  many  of  the  beds  in 
this  direction ;  in  consequence  of  which  the  sai^ds  of  the  in- 
ferior oolites,  and  the  clay  of  the  lias,  are  greatly  reduced,  and 
have  almost  vanished  in  many  places,  leaving  the  freestone 
beds  of  the  inferior  oolite  almost  in  contact  with  the  lower 
stony  beds  of  the  lias ;  the  new  red  sandstone  also  being  greatly 
diminished  in  thickness,  so  that  a  geological  interval,  equal  ini 
many  other  districts  probably  to  2000  feet  is  here  reduced  to 
less  than  a  quarter  of  that  depth. 

South  of  Paulton,  in  Kilmersdon  and  Babington  parishes, 
the  inferior  oolite  spreads  over  the  same  platforms  with  the 
diminished  lias,  and  it  becomes  somewhat  difficult  in  many 
places  to  trace  the  latter  as  a  distinct  formation,  in  the  soutk 
of  the  latter  parish,  and  in  Mells,  the  horizontal  planes  of  the 
inferior  oolite  come  in  contact  (in  the  manner  represented  in 
the  wood«cut,  page  228)  with  the  inclined  coal-measures  and 
mountain  limestone  constituting  the  eastern  portion  of  the 
Mendip  hills,  which  expire  in  this  direction  by  the  loweridg 
of  their  strata ;  so  that  they  become  buried  beneath  the  level 
of  these  more  recent  formations,  and  are  here  exhibited 
only  in  the  bottom  and  sides  of  the  vallies  of  denudation. 
Such  is  the  character  of  the  district  lying  between  Mells  on  the 
north,  Fr6me  on  the  west,  and  the  two  Cranmores  on  the 
south ;  an  unifohn  and  elevated  plain  of  the  inferiot  oolite 
spreads  over  its  whole  surface,  furrowed  by  vallies  about  150 
or  200  feet  deep,  which  expose  the  mountain  limestone.  The 
character  of  many  of  these  vallies  (particularly  of  that  between 
Mells  and  Frome  and  its  lateral  branches)  is  highly  romantic  ; 
the  streamlets  that  flow  through  them  being  skirted  by  bold 
and  rocky  banks  overgrown  by  feathering  woods ;  while  the 
geologist  observes,  as  a  feature  of  peculiar  interest  in  th^ir 
precipitous  escarpment,  the  actual  contact  of  the  horizontal 
bed  of  inferior  oolite  resting  on  the  truncated  edges  of  strata 
of  mountain  lime,  thrown  up  in  an  angle  of  from  50  to  60 
degrees.  This  line  of  contact  is  sometimes  perfectly  level  for 
a  considerable  distance  (as  if  the  edges  of  the  mountain  lime* 
stone  strata  hiad  been  rendered  smooth  by  some  mechanical 
force  abrading  them  previously  to  tfie^deposition  of  the  i^iferio^^ 
oolite),  but  in  other  instances  it  is  rugged  and  irregular  j  somen 
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tiitifes  the  contact  is  marked  by  a  breccia  of  fragmeats  of  the 
oldef)  cemented  by  the  newer  rock,  but  this  is  by  no  means 
constant.  On  the  north  of  Doulting  hill,  between  West  Cran-* 
more  and  Shepton  Mallet,  the  inferior  oolite  abuts  against  the 
old  red  sandstone  which  forms  the  nucleus  of  the  Mendips, 
and  here  begins  to  display  itself  in  considerable  eminences  at 
Doimhead  common.  Doulting  hill  is  celebrated  for  its  quar« 
ijes  of  the  inferior  oolite,  which  here  affords  a  valuable  free«- 
stone.  Between  Doulting  and  Shepton  Mallet,  the  inferior 
oolite  and  lias  abut  against  the  inclined  strata  of  Mendip, 
imder  such  circumstances  and  with  such  considerable  variations 
from,  their  usual  aspect,  that  it  is  not  easy  to  pronounce  to 
which  formation  many  of  these  anomalous  beds  belong  :  similar 
beds  continue  to  hang  on  the  southern  slope  of  the  Mendips, 
on  the  north  of  the  line  between  Shepton  Mallet  and  Wells. 

It  is  only  however  where  immediately  in  contact  with  the 
Mendip  range,  that  this  obscurity  prevails ;  for,  from  Doulting, 
the  general  line  of  the  inferior  oolite  is  continued  south  by 
Cannard's  grave  towards  Bruton,  forming  a  conspicuous  escarp- 
ment rising  above  the  lias  plains  which  extend  westwards : 
over  these  some  outlying  hills  of  the  same  formation  are  scat- 
tered ;  viz*  th0  long  ridge  of  Pennard  hills,  and  the  more 
striking  and  far  seen  cooe  of  Glastonbury  Tor.  Brent  knoll,  a 
lofty  lias  hill  rising  out  of  the  marshes  on  the  border  of  the 
Bristol  channel  to  the  height  of  between  400  and  500  feet,  also 
exhibits  on  its  summit  a  cap  of  inferior  oolite  nearly  coextensive 
with  the.  ancient  encampment  which  crowns  ft.   . 

But  to  return  to  the  main  escarpment;  this  ranges  from 
Bruton  south-west  to  Castk  Gary,  and  thence  south  by  the  tM'o 
Cadburys,  near  the  most  southerly  of  which  a  detached  sum- 
mit of  this  formation  gives  position  to  one  of  the  boldest  and 
Strongest  ^ancient  encampments  extant  in  the  island,  girding  its 
sides  with  triple  fosses  and  stupendous  mounds.  Near  this 
point  the  range  circles  westwards  round  the  vale  of  Marston 
Magna,  pursuing  a  line  between  Ivelchester  and  Yeovil  to 
Ilminster. 

Between  Ilminster  and  the  coast,  the  junction  of  the  inferior 
oolite  and  sands  with  the  lias  ranges  due  south,  but  is  very 
generally  concealed  by  overlying  hills  of  the  green  sand  forma- 
tion sujpporting  occasionally  chalky  summits,  and  connected 
vith  the  great  western  extension  of  these  beds  towards  the 
Blackdown  hills. 

.  On  the  coast,  the  series  of  beds  of  which  we  are  now  treating 
U  finely  displayed  in  the  sections  presented  by  the  cliffs  between 
Charmouth  and  the  head  of  the  Chesil  bank. 

Proceeding  from  west  to  east,  we  first  find  the  inferior  oolite 
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resting  on  the  lias-marle  on  the  summit  of  a  steep  pjnamidal' 
cliff  about  half  way  beneath  Channouth  and  Biidport  harbour, 
called  the  Golden  Cup,  (perhaps  a  corruption  of  the  Golden 
Cap,  as  dented  from  the  reddish  yellow  colour  of  the  summit 
strongly  contrasted  with  the  dark  blue  of  its  base) :  Down  cliff 
succeeds,  in  which  the  dip  of  the  strata  towards  the  east  has 
brought  them  somewhat  lower :  a  third  cliff  in  which  the  infe- 
rior oolite  and  sands  occupy  the  middle  region,  (the  hill  above 
being  crowned  by  the  fissile  variety  of  the  great  oolite),  inter- 
venes before  we  arrive  at  the  mouth  of  Bridport  harbour.  The 
first  cliff  west  of  Bridport  harbour  no  longer  ^exhibits  the  liasf 
clays,  (these  having  here  been  carried  by  their  dip  below  the 
sea  level),  and  the  lowest  visible  beds,  being  those  which  con- 
tain the  concretions  of  green  marly  sandstone,  intermediate  be-< 
tween  the  sands  and  Has :  in  Burton  cliff,  whkh  follows  this, 
the  inferior  oolite  itself  sinks  in  hke  munner,  being  succeeded 
on  the  east  by  a  low  cliff  of  the  fuller's  earth  clay  full  of  fibrous 
calcareous  spar.  The  average  dip  of  the  strata  in  these  cliffs  is 
about  1  in  :50 :  their  order  and  nature  have  been  already  given* 
in  the  notes  on  the  chemical  and  external  character  of  this  part 
oi  the  series,  page  236. 

(e)  Height  of  hills.  This  series  of  strata  is  in  many  in* 
stances  con&ied  to  the  escarpment  of  the  hills  xapped  by  the* 
great  oolite ;  but  occasionally,  as^in  Rutlandshire,  Northankpton* 
shire,  and  Oxfordshire,  constitutes  the  entire  mass  of  consider** 
able  hilly  tracts,  and  very  generally  caps  the  outlying  hills  ad-^ 
vanced  on  the  north  and  west  of  the  great  oolitic  range.  Thesd^ 
hills  have  already  been  noticed  in  tracing  the  range  and  extent 
of  these  strata. 

If  we  are  correct  in  referring  the  sandy  district  of  the  eastern' 
moorlands  in  Yorkshire  to  this  series,  we  shall  there  find  the 
most  considerable  heights  constituted  by  it.  The  most  lofty  of 
these,  Roseburry  Topping,  is  stated  in  the  Trigonometrical  surw 
vey  to  rise  1022  feet  above  the  level  of  the  sea.  To  collect  the 
facts  belonging  to  this  head  together  we  will  here  repeat,  cfn 
the  same  authority,  that  Arbury  hill,  Northamptonshire  attains^ 
804  feet;  Epwell  hill,  Oxfordshire,  836  feet;  and  Dundry 
hill,  Somersetshire,  700  feet  above  the  same  level. 

(/)  Thickness.  The  thickness  of  these  beds  near  Bath  has- 
been  already  given  in  the  section,  page  202,  which,  with  those- 
forming  its  continuation  page  235,  will  be  found  to  amountr 
together  to  460  feet ;  but,  in  the  midland  counties,  the  thick*- 
ness  of  the  sands  connected  with  the  inferior  oolite  must  be 
much  tnore  considerable:  if  we  were  to  take  400  feet  for  the 
average,  it  would  probably  be  far  from  excessive.  ' 

(§•)    IncUndtion  and  disturbances  of  the  strata.    These  strata 
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are  ia  their  general  position  stiictlj  conformable  to  all  the  other 
secondarj  formations  which  we  haye  as  yet  described,  dipping 
beneath  them  towards  the  south-east  tinder  an  almost  inappre- 
ciable angle. 

Some  instances  of  those  dislocations  accompanied  by  subsi- 
dences, which  are  ui^ually  termed  faults,  may  be  observed  in 
these  strata,  especially  in  that  portion  of  them  which  overlies 
the  south  Gloucester  and  Somerset  coal-field ;  where,  although 
the  greater  part  of  the  faults  affecting  the  coal-field  appear  to 
have  been  produced  by  convulsions  which  have  acted  upon  it 
before  the  deposition  of  these  strata,  and  therefore  do  not  de- 
range the  latter,  yet  in  some  cases  the  contrary  takes  place. 
An  instance  of  this  may  be  seen  on  the  edge  of  Clandown  hiU, 
Somersetshire,  where  it  hangs  over  the  village  of  Paulton; 
here  a  fault  traversing  the  subjacent  colliery  also  throws  down 
the  inferior  oolite  20  fathoms  to  the  north,  bringing  it  to  the 
level  of  the  lias;  the  hill  on  the  north-west  of  Bitton  (half 
way  between  Bath  and  Bristol  on  the  north  bank  of  the  river 
Avon)  exhibits  a  similar  case ;  the  southern  point  of  that  hill 
being  formed  of  the  inferior  oolite  sands,  made  to  abut  abruptly 
against  the  lias  and  subjacent  new  red  sandstone  of  which  all 
the  northern  part  of  the  hill  consists. 

Instances  of  derangement  on  the  slopes  of  the  hills  occupied 
by  these  strata,  from  masses  which  have  been  undermined  either 
at  the  period  when  the  vallies  were  originally  excavated,  or  by 
the  subsequent  agency  of  the  springs  percolating  through  them, 
&c.  and  have  been  precipitated  over  the  escarpments,  such  as 
have  been  already  mentioned  when  treating  of  the  great  oolite,' 
are  much  more  common  than  the  true  cases  of  faults;^  we  sub- 
join the  particulars  of  several  observed  by  Mr,  Townsend  in 
the  neighbourhood  of  Bath ;  the  two  first  cases  indeed  rather 
relate  to  the  great  oolite  than  to  these  beds,  but  we  have  been 
induced  io  keep  the  whole  together  from  the  convenience  of 
presenting  a  more  connected  view  oi  the  phoenomena  of  this 
nature  which  the  geological  traveller  may  have  an  opportunity 
of  examining  in  that  district. 

On  the  northern  extremity  of  Lansdown,  near  the  monument, 
we  meet  with,  not  the  mouldering  of  a  scarp,  but  its  dislocation  j 
for  here  the  crop  of  the  great  oojite  has  fallen  down  on  the 
back  of  the  bastard  free-stone ;  and  the  intermediate  bed  of 
clay,  with  its  fullers'  eartli,  is  wanting.  At  this  very  time, 
(March  1803,)  Mr.  Bush  is  removing  the  rubbish,  and  has 
laid  bare  some  of  the  best  beds  of  the  oolite,  which,  instead  of 
dipping  gently  to  the  south-east^  here  fall  to  the  noHh  in  a 
regular  succession  of  fragments,  between  which  are  considerable 
chasms.     The  bastard  free^^tone,  on  which  these  fragments 
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rest,  is  visible,  reclining  on  its  bed  of  sand,  as  that  does  on  the 
blue  marl  aud  lyas,  wkich  here  dip  north,  towards  the  Severu. 
(T.  m.) 

Now*  the  same  kind  of  dblocaticm  already  noticed  in  the 
crop  of  the  great  oolite,  near  the  monument  on  Lansdown,  maj 
be  observed  in  the  inferior  termination  of  the  same  rock  at. 
Murhill,  south  of  Winsley,  opposite  to  the  conflux  of  the 
Frome  and  Avon  rivers.  For  the  rock,  which  here  forms  an 
elevated  cliff  of  about  one  hundred  and  forty  feet,  being  un- 
supported by  its  subjacent  clay,  has  slipped  back  and  subsided 
ou  the  bastard  free-stone,  leaving  very  extensive  chasms,  some 
of  which  are  empty,  but  others  have  been  occupied  by  fragments 
of  the  rock.  Some  of  the  fragments,  precipitated  to  a  con- 
siderable distance  from  the  cliff,  and  almost  buried  in  its  ruins, 
measure  more  than  forty  feet  by  twenty.  One  of  these,  whkh 
dips  at  40''  south  towards  the  river,  contains  more  than  five 
thousand  cubic  feet  of  free-stone.     (T.  195.)  ^ 

In  this  spot,  the  vast  fragments  I  have  mentioned  point 
towards  the  vale  beneath,  as  if  they  were  precipitated  from 
the  cliff.  But  near  the  Dundas  aqueducts,  aud  at  Dunkerton, 
I  have  observed  a  more  remarkable  phaenomenon ;  for  there, 
the  inferior  termination  of  the  bastard  free-stone  has  subsided, 
fractures  have  ensued,  wide  chasms  appear,  and  numerous 
faults  have  been  created :  but  these  enormous  fragments  of  the 
stratum  have  not  been  precipitated,  nor  do  they  point  towards, 
the  vale  beneath,  but  seem  to  be  sliding  back,  and  dip  into  the 
hill  from  which  they  proceed,  and  in  which  the  whole  rock 
appears.     (T.  195.) 

la  such  a  position,  the  inferior  surface  of  the  lowest  bed, 
which  should  repose  on  sand  and  be  concealed,  is  brought  to 
light,  and  may  be  distinguished  by  its  peculiar  fossils.  (T.  196.) 

So  likewise  to  the  east  of  Bath,  as  we  ascend  the  hill  towards 
Hampton  Down,  we  pass  over  several  visible  subsidences  of  the 
bastard  free-stone,  and  proceeding  in  the  same  direction,  when 
we  have  passed  the  subsummit  of  the  hill,  and  descend  towards 
the  canal  by  the  rail-road,  where  the  cliff  appears,  we  count 
five  .depressions  of  this  rock,  with  its  sand  bed,  and  at  a  lower 
level  we  find  the  blue  marl,  on  which  the  river  glides,  and  in 
the  marl  we  find  its  peculiar  rock.  This  subsidence  of  the 
bastard  free-stone  continues  all  the  way  to  the  Dundas  aqueduct, 
and  in  it  the  canal  is  formed.     (T.  196.) 

South  of  this  line,  in  the  road  from  Widcombe  to  Claverton, 
we  observe  this  rock  has  fallen  down  to  a  considerable  depth, 
leaving  chasms  now  occupied  by  clay  and  gravel.  Here  also, 
we  find  ponderous  masses,  which  dip  into  the  hill.  (T.  196.)  ' 
.  Near  Bath,  our  most  remarkable  dislocation  of  the  bastard 
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^nee^stone  is  on  Mount  Sion,  where  the  summit  of  the  rock  is 
visible.  From  this  elevated  region,  looking  down  upon  all  the 
hills  by  which  Bath  is  immediately  surrounded,  we  command, 
in  the  distant  offscape,  a  view  of  Mendip.  On  this  delightful 
spot.  Dr.  Parry  has  made  extensive  excavatimis,  for  the  foun- 
dation of  his  magnificent  structure,  and  exposed  numerous 
dislocated  fragments  of  the  rock.  At  a  lower  level  in  the 
iioUow  nay  by  which  carriages  will  ascend  to  this  high  hill,  he 
has  sunk  (A.  D.  1811)  pits  to  a  considerable  depth.  These 
exhibit  enormous  blocks  heaped  up  confusedly,  some  much 
inclined  to  the  horizon,  others  nearly  vertical,  and  falling 
headlong  into  the  vale,  through  which  the  river  flows.  (T.  197) 

Beneath  this  chaos  we  have  the  blue  marl  bed,  which  may 
he  traced  on  the  same  high  level,  by  Park-street  to  Camden 
Place,  and  from  thence  to  Bath  Easton.     (T.  1^7.) 

To  the  south  of  Bath,  under  Beechen  Cliff,  the  same  marl 
appears,  with  its  rock  and  springs :  but  in  the  intermediate 
space,  between  Mount  Beacon  and  this  cliff,  the  bastard  free- 
stone, with  its  marl  bed,  has  sunk  down  to  such  a  depth,  that 
the  former  is  quarried  near  Widcombe  Crescent,  in  the  road  to 
Claverton,  and  the  latter  is  to  be  seen  fifteen  feet  under  sand, 
in  the  well  of  Caroline  Buildhigs,  that  is  nearly  on  a  level  with 
the  river.  By  Hetltn  Court,  when  the  hot  springs  had  failed 
to  supply  the  usual  quantity^  of  water  in  a  given  time,  the 
Corporation  employed  Mr.  William  Smith  to  remedy  the  evil. 
He  laid  open  the  ground,  detected  the  cause  of  failure^  and 
restored  the  springs.  At  that  time  I  took  notice  of  his' opera- 
tions, and  at  a  great  depth  saw  the  springs  through  the  blue 
marl.    (T.  197.)  ^ 

Subsequent  to  this  operation,  Mr.  Palmer,  then  Mayor,  sunk 
in  the  sand  of  the  King's  bath,  as  deep  as  he  could  venture  to 
proceed,  without  endangering  the  pump«ioom,  yet  he  did  not 
arrive  fit  the  blue  marl.  From'  the  bottom  of  his  sinking  he 
sent  me  a  quantity  of  sand.  This  was  alluvial,  not  calcareous, 
but  siliceous,  and  in  this  sand  I  ascertained  the  green  quartz, 
with  iron,  such  as  we  find  beneath  our  chalk,  in  Wiltshire, 
and  from  thence  it  came.    (T.  197.) 

'  Extensive  portions  of  the  bastard  free-stone  bed,  disrupted 
and  fallen  down  below  their  native  level,  may  be  observed  in 
Collier's  Lane,  going  up  to  Lansdown.  But  should  any  young 
geologist,  occasionally  residing,  or  a  transient  visitor  in  Bath', 
wish  to  see  some  dislocation  of  this  rock,  without  extending 
his  walk  to  Collier's  Lane,  or  climbing  the  steep  ascent  to 
Claverton  and  Hampton,  he  may  easily  gratify  his  curiosity 
thj  walking  oa>  the  canal  bank  to  the  boundary  of  Bathwick, 
^nd  then  cuossiog  ^the  Folly  bridge  to  examine  at  his  leisure 
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the  five  successive  depressions  of  Die  rock^  which  fonn  9» 
,maoy  steep  ridges.  At  the  foot  of  each,  thtts  placed  on  dift' 
ferent  levels,  the  marl  springs  issue,  always  following  the 
dislocations  of  the  rock.     (T.  198.) 

The  same  appearances  have  been  noticed  in  nnmerous  places, 
but  are  no  where  so  distinctly  seen  as  in  the  immediate  vicinity 
of  Bath.  Indeed  no  country  can  exhibit  nipre  interesting 
scenes  for  the  geologist,  or  mOre  numerous  examples  of  dis« 
location,  than  this ;  for  here,  not  merely  the  bastard  free-stone, 
but  all  the  strata,  disrupted  to  a  great  extent,  have  fallen  down 
towards  the  subjacent  valHes,  and  after  reiterated  fracti^es, 
forming  steps,  have  sent  down  enormous  blocks,  which  ar? 
either  piled  up  in  heaps,  or  scattered  on  the  declivities.  These 
phoenoriiena  are  striking;  but  near  Bath  we  have  others  ahun^ 
dantly  more  so.  To  the  south  of  Prior  Park,  on  the  souther^ 
hanging  of  Coombe  Down,  where  we  look  down  on  the  wide 
expanse  in  which  a  little  streamlet  flows,  we  find  the  botton^ 
bed  of  the  great  free-stone  rock,  and,  to  the  east  of  this  we 
Jiave,  nearly  on  the  same  horizontal  level,  the  superior  beds  of 
the  same  rock.     (T.  198.) 

(h)  .-igricultural  character.  The  different  beds  of  this 
series  arc  of  necessity  very  variable  in  this  respect :  the  fullers' 
earth,  says  M  r.  Smith,  presents  a  clayey  soil  distinguishable  liy 
Jess  cultivation  than  upon  the  dryer  soils  of  the  oolitic  rocks 
above  and  below  it,  which  are  more  genial  to  the  growth  of 
com.  W  ood  and  timber  trees  are  also  common  to  it  on  th^ 
slopes  of  the  hills,  of  which  it  so  often  forms  a  part« 

The  more  calcareous  beds  pf  the  inferior  ooHte  agree  with 
the  other  stonebrash  soils  in  agricultural  character.  . 

The  sands  below  the  inferior  oolite  afford  in  those  districts 
where  they  are  most  extensively  exhibited,  viz.  in  the  midland 
counties,  a  soil  the  fertility  of  which  is  spoken  of  in  very  high 
terms  by  agricultural  writers.  "  This  red  district,"  says  the 
author  of  the  report  on  Oxfordshire,  ^^  may  be  considered  as 
the  glory  of  the  county.  It  is  deep,  sound,  friable  yet  capable 
of  tenacity,  and  adapted  to  every  plant  that  can  be  trusted  to 
it  by  the  industry  of  the  cultivator." 

(i)  .  Phwnomena  of  springs^  Sfc.  The  upper  member  of 
this  series  (the  fullers'  earth  clay)  throws  out  copiously  the 
waters  which  have  percolated  through  the  great  oolite :  those 
of  the  inferior  oolite  and  sands  are  thrown  out  by  the  subjacent 
marles;  so  that  this  series  exhibits  two  lines  of  springs,  one 
pear  its  superior,  and  one  near  its  inferior  extremity*  At  Chad^ 
lington  and  Deddington  in  Oxfordshire,  and  at  Astcot,  Norths 
amptonshire,  are  mineral  waters  said  to  cont^  iv<m^  svlphur, 
and  sea  salt ;  and  at  Clifton,  Oxfordshire^  one  containiDg  sod9# 
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seleftite,  and  lune  :  theae  are'  probably  situated  la  the  lower 
marly  beds.  Is  not  the  Scarborough  water^  which  contams 
carbonate  of  lime,  sulphur,  sea  salt,  and  iron,  situated  in  the 
upper  part  of 'tl^  series  ? 


Sfection  VII. 

LIAS.* 

(a)  Chemical  and  external  characters.  This  formation  eon« 
sists  of  thick  argillaceous  depoMtt,  consUtuting  the  base  on 
which  the  whole  oolitic  series  reposes.  The  upper  portion  of 
these  deposits,  including  about  two-thirds  of  their  tot^ 
depth,  consists  of  beds  of  a  deep  blue  marie  containing  only  a 
few  irregular  and  rubbly  limestone  beds.  In  the  lower  portiiln, 
the  limestone  beds  increase  in  frequency,  and  assume  tlie 
peculiar  aspect  which  characterises  the  lias,  presenting  a  series 
of  thin  stony  beds  separated  by  narrow  argillaceous  partings ; 
80  that  quarries  of  this  rock  at  a  distance  assume  a  striped  and 
ribband-like  appearance ;  in  the  lower  beds  of  this  limestone, 
the  argillaceous  partings  often  become  very  slight  and  afaovost 
disappear,  a§  may  be  seen  in  the  lias  tract  of  South  Wales ; 
beds  of  blue  marie  with  irregular  calcareous  masses,  gene- 
rally separate  these  strata  from  the  red  marie  belonging  to 
the  subjacent  new  red  sandstone  formation.f     The  limestone 

♦  Chiefly  by  the  Rev.  W.  D.  Conybeare. 

i-  The  subjoisied  seGtions  will  nerve  to  convey  an  accurate  idea  of  the 
detail  of  this  fbrmatiop  as  it  exists  in  the  neighbourhood  of  JSath ;  and 
afford  a  good  type  of  its  genera]  arran^ment,  excepting  that  in  the  mid« 
land  and  north-eastern  counties  the  thickness  of  these  deposits  must  be  at 
least  double  that  here  presented;  and  some  of  the  stony  beds,  alternating 
in  the  inarles  which  constitute  the  upper  portion,  assume  occasionally  a 
more  decided  character  and  importance.  These  local  details  vdll  find  their 
best  place  in  pursuing  the  range  and  extent  of  this  formation. 

These  sections  are  subdivided,  as  in  the  text,  into  the  V^r  marles^  the 
Stony  or  true  lias  beds^  and  the  Lower  marUs  separating  the  lias  from  the 
new  red  sandstone  formation. 

The  first  section  is  from  a  fruitless  trial  for  coal  (abandoned  in  1818)  in 
-the  parish  of  Bath  Emston ;  it  begins  in  the  very  top  of  this  formation,  and 
extends  through  its  lowest  beds.  The  second  also  exhibits  the  whole  for- 
mation, and  is  interesting  as  forming  the  upper  part  of  the  section  afforded 
in  the  Paultou  collieries,  which  incluidea  greater  geological  depth  (i.  e.  pass 
through  a  greater  number  of  different  formations)  than  has  probably 
been  ever  actually  verified  in  any  other  single  point.  The  lower  for- 
mations, ascertained  in  chii  siection,  will  be  given  hereafter ;  the  third 
section  is  given  as  exhibiting  in  greater  detail  the  lowest  members  of  the 
lias  near  dieir  junction  with  the  r^  marie. 
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hedSf  towards  their  (ientre,  where  most  free  ^  from  external 


^  SeciiM  1.                 .  feet.  in. 

^ellowclay 8  — 

Blue  marie 27  — 

Stone • ft. .4..  —  6 

Bluemarle 18  •— 

Stone  ; —  4 

Bluemarle. ..••••..# 9  — 

Bluerock 12  -. 

Marie 1  — 

Stone 1  6 

Bluemarle 24  — 

Rock..     3  — . 

Marie 6  — 

Stone —  10 

Bluemarle • 41  — 

Stone —  10 

Bluemarle 7  — 

Stone ^ .— .  9 

Bluemarle 7  — 

Stone  —  9 

Bluemarle »^ 6  — 

Stone i—  4 

Marie 3  — 

Marie  and  stone  .»..• U  6 

Stone ^  9 

Marie 2  6 

Stone »...  3  ->- 

Marie  and  stone 8  — 

Marie  and  stone 12  3 

^Hard  marie  • 4  — 


5- 


SI 


rHardrock 18      4 

1  Blue  stone 5      1 

{  Hard  blue  stone 12      1 

Istonc .^ 2    — 

L^Vhite  lias  rock 10    — 

f  Blue  marie 6    -* 

Stone —      € 

Clay —      9 

Rough  blue  marie — -      5 

Black  marie 10    — 

Light  blue  marie 2    — 

kSL  ground  of  the  new  red  sandstone  formatiQiu 


Season  2. 
.   Upper  beds  sunk  through  to  reach  the  coalmea«ures»  in  a  pit  belonging 
'to  Mr.  Simon  Hill»  on  the  orow  of  the.  down  east  of  Paultbn,  Somersetshire. 

feet,  in* 

Inferior  oolite 18— 

'Ui>per  lias  marles ISO    ^-^ 

.S      f  ^'^^  ^^  ^^"^  ^^  ^^^^ ^    — 

"^  '5  J  Sun  bed  or  comgrit,  divided  into 

sJi     three  thin  beds  slightly  oolitic       1  .    C 

^     CWhitcIias... 7.... .12    ^ 
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mixture,  ccmtmin  more  thim  90  per  cent,  of  carbmurte  of  lime  ^i? 
the  residuum  has  never  beep  distioctly  analysed,  but  appears^ 
to  consist  of  alumine  and  iron,  and  in  some  varieties  traces  of  ^ 
silex  have  be^i  found :  towards  the  edges  of  the  beds,  how^* 
ever,  where  they  come  in  contact  with  the  alternating  strata  of 
clay,. the  proportion  of  alumine  is,  as  might  be  expected,  more, 
considerable.  This  limestone  is  particularly  characterised  by 
its  dull  earthy  aspect,  and  large  conchoidal  fracture  ;  in  colour 
it  varies  in  different  beds  from  light  slate  blue,  or  smoke  grey, 
to  white  :  the  former  varieties  usually  constituting  the  upper ; 
the  latter,  the  lower  portions  of  the  formation.  The  blue  lias, 
which  contains  much  iron,  affords  a  strong  lime,  distinguished 
by  its  property  of  setting  under  water;  the  white  lias  takes  a 
high  polish,  and  may  readily  be  employed  for  the  purposes 
of  lithography.    It  must  however  be  distinguished  from  the. 


V 

■v 


'']Kue marie..* 6.   -.- 

^  I  Clay  stone  forming  concretional 

aadrubbly  masses  ..-. 8    — 

I  Black  marie   (excellent  for  ma- 

^    nure)  .' ;. 6    — 

Red  ground  of  the  new  red  sandstone  formation.  > 

The  rest  of  this  section  will  be  given  under  the  new.  red- sandstone  and . 
Coal  measures. 

Section  3. 
Westbury  cliff  on  the  west  bank  of  the  Severs,  Gloucestershire,  illus*. 
tricing  the  lower  beds  of  the  lias  formatioD.  « 

feet.  in.  -' 

Whitelias 10    — 

Blue  shale  passing  into  marlestone     10    — 
Black  shale  with  iron^shot  fissures    1 2    — 
Green  siliceous  grit,  highly  mica- 
ceous, and  containing  abundant 
bones,  well  known  here  and  at 
Aust  by  the  name  pf  the  bone 

bed... 1    r-- 

Blackshalc 2    ^, 

Green  grit .•••....,    —?»      6 

Blackshale ,.      2    — 

Greenish  marlestone  decomposing 

into  balls 18     «->  y 

Red  marie  of  the  new  red  sandstone  format^. 

+  The  late  Mr.  Smeaton  took  the  several  undermentioned  varieties  of 
Iks  marlestone,  and  having  dissolved  40  grains  of  each  in  aquafortis,  ob- 
tained a  residuum  from  each,  which  he  weighed  after  drying  them  in  the 
6(m.    (G.  Notes.) 

From  the  yellow  lias  of  Axminster.. , .  5|  grains 

'  Ditto  with  shining  spangles • .. .  5} 

Yellow  such-stone  of  GUstonbury  ....  5 

Blue  Has  of  Watchet 4J 

Aberthaw 4^ 

«  Bith ..^ ».  4% 

Axmimter  ••r*. ..........  d| 
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stone  geneir&Ily  so  applied  on  the  continent,  which  is  bronghf 
from  the  qnarries  of  Solenhofen,  and  is  of  much  more  recent 
formation. 

The  slate* clay  with  which  the  lias  alternates^  is  grej^ 
brown^  or  black,  is  frequently  bituminous,  and  readily  divides 
into  laminae  as  thin  as  common  pasteboard. 

To  the  abore  general  description  of  this  formation  we  have 
added  in  the  note  below  some  further  particulars  extracted 
fron^  memoranda  kindly  lent  to  the  Editor  by  Mr.  Ghreenough  ;* 

•  SynottT^mes,  (Rudge's  Olocestershire),  Alum  shale.  Daggers,  Scar  of 
Whitby.  The  etymology  of  thit  word  it  unknown  to  me :  it  may  perhaps 
be  connected  with  the  acknowledged  excellence  of  some  of  the  beds  of  tms 
series  as  a  cement.    The  Liais  of  the  French  is  a  very  different  substance. 

Some  of  the  beds  of  the  lias  are  used  as  building  stones,  others  as  slabs, 
hearth-stones,  grave-stones,  &c.' 

At  Kenton  Mandeyille  the  common  slabs  vary  from  10  to  30  feet  in 
length,  and  frook  12  to  15  ia  width :  but  one  has  been  raised  containing  500 
superficial  feet. 

Slabs  of  the  Cotham  stone  are  somethaes  2}  feet  long,  and  seven  or 
eight  inches  thick. 

The  marle-stone  is  used  for  walls,  slabs,  and  flooring;  that  of  Binton  and 
Grafton  in  Warwickshire,  which  is~  Waved  like  the  Cottam,  is  used  as  a 
marble  for  chimney-pirces,  also  for  paving,  for  stone  seats,  &c.  At  Pnck- 
eridge  hill,  south-east  of  Taunton  in  Somersetshire,  it  is  burnt  for  manure. 
At  Wingfoot,  Red  hill,  and  Bidford,  about  four  miles  from  Stratford  upon 
Avon,  the  lias  assumes  the  character  of  a  marble.     . 

The  lias  is  never  variegated  ib  colour  like  common  marMe,  nor  brec* 
ciated,  nor  does  it  admit  of  brilliancy  or  depth  of  tint,  but  it  occasionally 
exhibits,  especially  in  specimens  cut  and  polished  longitudinally,  dendriti* 
cal  appearances  (Cottam  stone  or  marble),  which  may  be  supposed  to  be 
the  conseq^uence  of  the  enlargement  of  the  concretions  in  which  this  stone 
is  found,  since  it  occurs  in  detached  masses  beneath  the  surface:  the  upper 
surface  of  the  stone  presents  branches  and  prominences  which  sometimes 
represent  the  interlacicgs  of  ivy.  They  are  commonly  used  in  the  rough 
state  for  the  rustic  work  of  gateways. 

The  irregular  beds  consist  of  fibrous  limestone  and  cement  stones  (septaria) 
so  called  because  used  in  making  Parker's  cement.  Where  the  fibres  are 
not  parallel  to  each  other,  they  c^ten  form  that  irregular  substance  to 
common  in  the  Coal-measures,  to  which  an  organic  structure  has  often 
erroneously  been  attributed,  and  termed  the  cone-in-cone  corat  The 
cement-stones  are  of  different  sizes;  they  are  generally  solid,  and  seem 
sometimes  to  have  had  a  cornn  ammonis  or  other  shell.  Or  wood,  as 
a  nucleus  to  form  upon.  Some  of  them  have  septa,  which  are  occupied  by 
calcareous  spar  or  bitumen ;  the  quantity  of  iron  they  contain  is  variable ; 
some  are  coated  with  pyrites,  or  have  lumps  of  it  adhering  to  them ;  at . 
Watchet,  sulphate  of  strontian  finely  crystallized  occurs  in  these^  con* 
cretions.  When  large  and  flat^  these  cement-stones  are  termed  girdles. 
Along  the  Whitby  coast,  these  girdles  have  given  a  partial  protection  to 
the  shale,  and  thus  occasioned  a  number  of  insulated  and  grotesque  masses  s 
they  often  turn  red  on  exposure  to  air. 

Some  of  the  beds  in  the  lias  form  a  rich  argillaceous  iron-stone.  ^ 

Near  Axminster  in  Dorsetshire,  the  lias  clay  is  so  bituminous  in  some 
places,  that  it  has  been  sunk  through  in  search  of  coal. 
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and  in  a  subsequent  part  of  tbis  section  (under  the  head  range 
and  extent)  some  additional  details  concerning  the  characters 
assumed  by  it  in  its  course  through  Yorkshire,  will  be  found 
in  the  notes. 

(i)  Mineral  contents.-  The  lias  is  nearly  destitute  of  me* 
tallic  or  earthy  minerals.  It  does  not  appear  comiiionly  to 
contain  any  metallic  substance  except  iron ;  which,  though  it 
occurs  in  layers  under  the  form  of  clay -iron-stone,  or  dissemir 
nated  through  the  mass  in  the  form  of  pyrites,  never  constitutes 
a  mineral  vein.  It  is  said,  but  I  know  not  with  what  truth, 
that  small  pieces  of  galena  have  been  found  in  the  quarries 
near  Bath,  and  galena  and  blende  are  said  to  occur  also  neat 
"Whitby.  Sulphate  of  barytes  has  been  found  in  small  quantity 
by  Mr.  Gilding,  jun.  in  the  canal  near  Gloucester,  and  I  have 
a  specimen  of  it  in  wood  from  Lyme  in  Dorsetshire.  ^  Sulphate 
of  strontian  is  also  said  to  be  found  at  Watchet.  Though  chert 
is  abundant  in  the  limestone  above  and  below  it,  siliceous  mat- 
ter is  so  rare  in  this  formation,  that  I  never  met  with  it  except 
at  Aberthaw  and  Dunraven  in  South  Wales,  where  its  fossil, 
the  gryphus,  is  coated  with  chalcedony ;  but  chert  occurs  in 
the  lias  of  Watchet,  and  the  lias  contains  veins  of  chert  also 
near  Cowbridge  in  South  Wales.     (G.  Notes.) 

The  iron  pyrites,  which  is  very  abundant,  by  its  decom- 
position and  action  on  the  argillaceous  strata,  produces  an  efflo^ 
rescence  of  the  aluminous  sulphate  so  extensively  worked  at 
Whitby :  to  the  same  cause  must  be  ascribed  the  spontaneous 
inflammation  often  observed  in  the  clifis  near  Charmoutb, 
Dorsetshire.     (See  Maton's  West.  Counties,  p.  76.  v.  1.) 

(c)  Organic  remains.  The  organic  remains  contained  in 
the  lias  are  peculiarly  interesting,  as  affording  a  greater  number 
of  animals  of  an  higher  order  (that  is  to  say  of  the  vertebral 
class)  than  are  exhibited  in  the  list  of  any  other  formation, 
if  we  except  the  Stonesfield  beds  of  calcareous-slate  in  the 
great  oolitic  series  before  described. 

In  this  class  we  have  first  to  notice  the  remains  of  two  very 
remarkable  extinct  genera  of  oviparous  quadrupeds,  evidently 
belonging  to  the  same  class  with  the  great  natural  orderLacer^d, 
but  yet  differing  very  essentially  in  structure  from  all  the 
genera  at  present  known  to  exist,  and  in  such  particulars  as 
evidently  must  have  fitted  them  to  live  entirely  in  the  sea. 
They  appear  therefore  to  hold  the  same  place  with  regard  to 

At  Thickerby  seven  miles  cast  of  Gainsborough,  Mr.  Hornby  of  the 
latter  nlace,  sunk  for  coal  in  a  black  hard  slaty  or  shaly  substance. 

In  the  lordship  of  Thrussington  in  Leicestershire,  seven  miles  west  of 
Sexhin,  coal  has  been  tried  for  at  a  place  called  Coal-pit  Lees,  and  4*400 
expended,  but  in  vain. 
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recent  lacertae,  that  the  cetacea  do  to  other  mammalia,  and 
M'ill  fonn  a  division  of  the  order  lacerta  to  which  the  name 
EnaliO'Sauri  (marine  lacertae)  may  be  conveniently  applied. 
The  investigation  of  their  comparative  anatomy,  or  rather 
psteology,  is  highly  important,  as  laying  open  various  new  and 
interesting  links  in  the  chain  of  animated  nature. 
Two  genera  have  been  ascertained. 

1.  Ichthyosaurus.*  Animal  with  an  head  resembling  the 
lacerta  tribe,  but  extended  anteriorly  into  a  long  pointed 
muzzle,  armed  with  numerous  conical  teeth.  Vertebrae  re- 
sembling those  of  fish  in  being  double  concave  (that  is  de^ly 
cupped  at  each  end)  and  as  thin  as  those  of  the  shark,  in  order 
to  facilitate  progression  by  a  vibratory  motion  of  the  tail. 
From  these  double  analogies,  the  name  (the  fish-like-lacerta) 
is  derived.  The  extremities  terminate  in  four  paddles  sui 
generis^  composed  of  a  series  of  flat  polygonal  bones  greatly 
exceeding  in  number  not  only  the  phalanges  of  quadrupeds, 
but  also  the  phalangic  cartilages  of  the  fins  of  fish.  There  are 
two  or  three  species  chiefly  distinguished  by  the  form  of  the 
teeth. 

2.  Plesibsaurus,  The  head  of  this  animal  is  not  yet  per- 
fectly ascertained :  the  vertebrae  and  extremities  hold  an  inter- 
mediate place  between  the  former  genus  and  the  recent  lacertae, 
and  supply  beautiful  links  in  the  series  of  organic  structure. 

*  Although  the  Ichthyosaurus  occurs,  as  will  have  been  seen  from  pre- 
ceding lists,  in  many  beds  of  the  oolitic  series,  we  have  reserved  its 
description  for  this  place,  because  the  most  numerous  and  perfect  speci- 
mens have  been  found  in  this  formation. 

The  remains  of  the  Ichthyosaurus  have  been  figured  in  the  several  plates 
published  in  the  Philosophical  Transactions,  from  1814  to  1820  inclusive, 
with  descriptions  by  Sir  tverard  Home  (who  proposes  the  name  of 
Proteosaurus  from  supposed  analogies  to  the  Proteus;  but  this  has  not 
been  generally  received),  A  more  detailed  account  of  the  osteoloey  of 
this  genus,  and  the  only  published  description  of  the  Plesiosaurus,  will  be 
found  in  the  fifth  volume  of  the  Geological  Transactions. 

The  Crocodile  is  said  to  have  been  discovered  in  lias,  but  the  fact  remains 
doubtful.  The  skeleton  described  by  Dr.  Stukely  in  the  Philosophical 
Transactions,  and  supposed  from  the  imperfect  representation  there  given 
ta  ha:ve  been  a  Crocodile  by  Cuvier,  really  belongs  to  the  Plesiosaurus. 
The  specimen  from  Whitby,  figured  also  in  the  Philosophical  Transactions, 
may  possibly  be  a  Crocodile,  but  is  too  incorrectly  drawn  to  afford  any 
certainty.  The  Ichthyosaurus  undoubtedly  occurs  at  Whitby,  and  is  de- 
scribed and  represented  (but  very  imperfectly)  in  the  third  volume  of  the 
Wemerian  Transactions.  No  true  Crocodile  bones  have  yet  been  diV 
covered  in  the  lias  of  the  south-western  counties,  which  constitute,  how- 
ever the  most  thoroughly  examined  district  occupied  by  this  formation ; 
still  as  true  species  of  the  Crocodile  certainly  occur  in  other  beds  associated 
with  the  oolitic  series,  there  is  no  improbability  in  their  occurring  here 
also. 
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Bones  and  palates  of  the  Turtle  have  been  found  in  this 
formation. 

Fish  of  several  species  occur  also  in  its  strata.  Barrow  on 
Soar  in  Leicestershire,  and  Lyme  in  Dorsetshire,  have  afforded 
many  fine  specimens. 

Figures  of  two  or  three  different  varieties  may  be  referred 
to  in  Nicholls'  History  ot  Leicestershire,  vol.  3.  part.  1.  plates 
8  and  9,  where  they  are  conjectured  to  belong  to  a  species 
either  of  Sparus  or  Chaetodon;  they  are,  however,  in  all  pro- 
bability sui  generisy  and  unknown  in  a  recent  state.  The  lias 
fish  are  also  figured  in  Townsend,  plate  20, 

The  radius  of  a  species  of  Batista  (erroneously  figured  by 
Townsend  as  the  jaw  of  some  animal,  character  of  Moses,  plate 
18»)  is  of  common  occurrence. 

The  leech-like  palatal  tritores  of  some  species  of  fish  are 
frequently  found,  and  teeth  resembling  in  form  and  arrai^e- 
ment  those  of  the  shark  more  rarely  so.  *  (See  Townsend,  pU 
18.  fig.  4.) 

The  order  Crustacea  affords  one  or  two  species  of  Cancri, 
apparently  Crabs,  also  a  species  of  Monoculus  or  Limulus  of 
Lamarck. 

At  the  head  of  the  Molluscce  we  may  perhaps  (although  very 
doubtfully)  enumerate  the  remains  of  the  Sepia  as  occurring  in 
the  lias,  since  the  collection  of  Mr.  Miller  of  Bristol  contains 
a  specimen  resembling  the  beak  of  this  animal. 

The  following  list  contains  the  principal  Testaceous  Molluscae 
found  in  the  lias  beds,  with  references  as  usual  to  the  figures 
in  Mr.  Sowerby's  Conchology, 

Chambered  univalves. 

Ammonites  ellipticus.     T.  92,  fig.  4. 

A.  armatus.     T.  96. 

A.  planicosta.     T.  73. 
*A.  Stellaris.     T.  93. 
*^.  Walcotii.     T.  106. 
*^.  Brookii.     T.  190. 
^A.  Bucklandi.     T.  130, 
*A.  Conybeari.     T.  131. 

A.  finbriatus.     T.  164. 

A.  Greenoughi.     T.  132, 

A.  Henleyi.     T.  172. 

♦There  arc  some  beds  near  the  bottom  of  the  Has  series  particularly 
distinguished  by  the  number  of  vertebral  remains ;  these  are  distinctly  seen 
in  the  cliffs  of  Westbury  and  Aust  on  the  banks  of  the  Severn  in  Glouces- 
tershire, and  are  well  known  to  the  collectors  of  that  nei^rhbourhood  under 
the  name  of  the  Bone  be^s.  See  the  section  in  the  beginning  of  this  article^ 
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A.  Loscombi.     T.  183. 

J.  obtusus.     T.  167. 

A»  aunulatus.     T.  222. 

-^.  Heterophyllus.     T.  266. 

J.  Birchii.     T.  267. 

J,  Bechei.     T.  280. 

A'  giganteus.     T.  126. 

A.  aiigulatus.     T.  107.  fig.  1. 

A,  coramunis.     T.  107,  fig,  2.  3. 
The  Ammonites  having  the  siphuncle  in  an  elevated  ridge 
between  two  furrows  are  characteristic  of  this  formation  ;  the 
species  thus  distinguished  form  a  well  marked  natural  dlirisioa 
of  this  order ;  they  are  marked  with  an  asterisk  in  this  list. 
Nautilus  intermedius.     T,  125. 

N.  striatus.     T.  182. 

N.  truncatus.     T.  123. 
Scaphites  aequaiis.     T,  18.  fig.  1.  2.  3. 
Belemnites ;  many  varieties  both  fusiform  and  com- 
mon.    The  alveolus  of  a  large  variety  is  figured 

by  Mr.  Sowerby  as  Ortbocera  conica.     T.  60. 

fig.  1  &  2. 

Univalves  not  chambered. 

Helicina  compressa.     7*.  10. 

H.  expansa.     T.  273.  fig.  1. 2. 3. 
// .  solarioides.     T.  273.  §Lg.  4. 
Trochus  imbricatus.     T.  273.  fig.  3.  4. 
T.  anglicus.     T.  242. 
jT.  similis.     T.  142,  lower  figure. 
Tomatilla,     Fig.  18  and  IQ  of  the  shells  represented 
in   the  introduction  to  Nicholls'  History  of 
Leicestershire.r 
Melania  striata.     jT.  47. 

Irregular  Univalves.    Annelidcs  of  Lamarck. 
DentaUum  cylindricum.     T*.  79. 
Patella  laevis.     T.  139,  fig.  4. 

Bivalves. 

Modiola  laBfis.     T.  8.  le.  lo. 

M,  depressa.     T.  8.  m. 

M.  minima.     71  210,  fig.  5.  6.  7. 

M.  hillana.     T,  212,  fig.  2. 
TJnio  crasissima.     T,  153. 
17. . .  (a  less  oblong  and  more  clumsy  species,  figured 

in  Nicholls'  Leicestershire,  plate  9«  vol.  3.  fig.  6.} 
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Cardiia  lirata.     T.  197.  fig,  3. 

Astarte  \ 

Area       f  ^     „     ■    . 

Nucula    J 

Terebraiula  (nonplicated  varieties). 

T.  ornithecephala?     T.  101.  fig.  4. 

T.  acuta.    T.  15.  fig.  1. 
Terebraiula  (plicated  varieties). 

T.  cramena  ? 
Spirifer  or  Pentamerusj  a  variety  not  yet  figured  ; 

agreeing  in  general  form  with  the  former,  but  in 

the  internal  divisions  of  its  valves  with  the  latter. 
Gr^hcsaincvLTYSL.    T.  11^.  fig.  1. 

G.  obliquata.     T.  112.  fig.  3. 
Osirea, 
Pecten, 
Plagiostoma  gigantea.     T.  77. 

P.  punctata.     T.  113,  fig.  1. 
Lima  antiqua.     T.  214,  fig.  2. 
PUcaiula  spinosa.     T.  245. 
Hippopodium.     T.  250 1  and  another  smaller  species 

not  figured. 
Perna  ? 

The  most  characteristic  shells  of  this  formation  are  the, 
Ammonites  Bucklandi,  the  Gryphaea  incurva,  and  the  Plagios- 
toma gigantea. 

At  Watchet  on  the  Somersetshire  coast,  beautiful  specimens 
of  compressed  Ammonites  presenting  thin  coats  of  iridescent 
nacre  are  found. 

A  large  proportion  of  the  Whitby  fossils  are  in  nodules  of 
clay  iron-stone ;  in  the  cement  stone,  the  Ammonites  are  occa- 
sionally coated  with  a  small  quantity  of  blende  and  galena. 
(G.  Notes.) 

Echinus. 

A  variety  of  Cidaris  papillata,  with  long  slender 
smooth  acicular  spines. 
Encrinies  or  Crineidea. 
The  following  species  of  the  genus  Pentacrinite  occur  in  the 
upper  beds  of  the  lias  formation,  and  will  be  found  figured  in 
Mr.  Miller's  monograph  of  this  family. 
P.  Caput  Medusas. 
p.  Briareus. 
P.  sttbangularis. 
P.  basaltiformis. 
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P,  tuberculatus.  The  last  named  species  appears  to 
characterise  the  upper  beds  of  this  formation^ 
and  is  that  found  so  abundantly  about  Shuck- 
borough  in  Warwickshire. 

Corals. 

A  species  of  Turbinolia  of  Lamarck  (Madrepora  tuY''^ 
binata  of  former  writers)  occurs  in  the  upper 
beds  of  the  lias  formation,  especially  at  Fenny 
Compton  tunnel  on  the  Oxford  canal. 

Vegetable  remains. 

These  consist  of  fossil  wood  occasionally  jilicified,* 
and  several  species  of  ferns,  flags,  &c. 

{d)  Range  and  extent*  This  formation  stretches  across 
from  the  coasts  of  the  German  ocean  in  Yorkshire  to  those  of 
the  channel  in  Dorsetshire.  To  commence  y(\i\i  its  northern 
limit,  it  is  seen  lining  the  coast,  and  underlying  the  mountains 
of  the  eastern  moorlands  (composed  of  sand  and  sand-stone 
strata  probably  belonging  to  the  inferior  oolite,)  from  the  Peak 
alum  works  on  the  south  of  Whitby  nearly  to  the  Tees  mouth,  f 

*  The  wood  is  sometimes  charred ;  tometioves  impregnated  with  quartz^ 
homstone,  agate,  or  pyrites.    (G.  Notes.) 

Mr.  Hornsey  of  Scarborough  shewed  me  a  specimen  of  jet  from  Whitby 
completely  silicified,.  and  encrusted  with  agate,  m  which  are  brilliant  speclos 
of  pyrites.  This  beautiful  specimen  was  presented  to  him  by  the  Duchest 
of  Leeds  He  has  others  from  the  same  coast  in  which  the  fossil  wood  of 
the  lias  is  completely  silicified.     (G.  Notes.) 

+  The  following  particulars,  connected  with  the  phenomena  of  this 
formation  in  Yorkshire,  are  here  inserted  as  belonging  to  its  local  rather 
than  general  history. 

Mr.  Smith  has  represented  indeed  the  alum-shale  of  Yorkshire  as  belong- 
ing to  another  formation ;  but  all  other  geologists  who  have  examined 
^Ke  district,  among  whom  Mr.  Greeuough  and  Professors  Buckland  and 
Sedgewick  may  be  mentioned,  are  unanimous  in  assigning  it  to  the  lias. 
In  the  article  dedicated  to  the  express  consideration  of  the  differences  of 
opinion  which  have  arisen  concerning  the  identification  of  the  strata  in  this 
part  of  the  island,  the  arguments  on  this  subject  will'be  stated;  but  this  article 
19  necessarily  postponed  to  th^  end  of  the  part  of  this  work  now  published, 
in  order  to  awv^ait  the  result  of  some  further  enquiries  on  the  subject. 

Over  the  alum-slate  lies  a  bed  of  hard  compact  stone,  six  to  twelve  feet 
thick.  The  workmen  call  it  dogger^  a  name  by  which  they  also  designate 
the  septaria  or  cement-stone,  and  the  component  parts  appear  to  resemble 
each  other.  The  colour  of  the  recent  fracture  of  the  dogger  is  bluish  grey,, 
but  on  exposure  it  chanp;es  to  a  deep  purple  brown ;  and  it  appears  to  be 
divided  into  nearly  cubical  masses  by  transverse  fissures  filled  with  a  soft 
ferruginous  earth,  containing  thin  ochreous  plates  having  the  earth  between 
them.     ( P.  M.  vol.  51 .  p.  20.) 

The  whole  of  the  upper  part  of  the  alum-shale  resembles  indurated  clay, 
when  first  wcought ;  but  by  exposure  to  the  atmosphere  it  suffers  decom^ 
position,  and  crumbles  into  thin  layers.    (N.  J.  vol.  2b,  p.  241.) 
\ 
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Turning  southwards  from  the  mouth  of  the  Tees,  the  lias 
ranges  beneath  the  wdst  escarpment  of  the  eastern  moorlands, 

The  colour  of  the  shale  is  a  bluish  grey.  It  varies  in  hardness.  The 
upper  part  of  the  bed  near  Whitby-  may  be  crumbled  in  pieces  between 
the  fingers,  but  at  a  considerable  depthrlt  is  as  hard  as  roofing  state.  (Ibid.) 

The  upper  part  feels  soft  and  unctuous  like  indurated  clay  ;  the  lamellar 
fracture  is  smooth  and  shining,  the  transverse  dull  and  earthy.  (P.  M.  v. 
51'  p.  207.) 

It  is  traversed  by  fissures  dividing  it  into  rhombic  portions.     (Ibid.) 

At  the  depth  of  about  two  hundred  and  fifty  feet  from  the  top  of  Boulby 
cliffs,  which  rise  four  hundred  and  fifty  feet  above  the  sea,  the  shale  loses 
its  unctuous  feel,  and  becomes  mixed  with  a  large  portion  of  sand,  and 
mica  in  shining  scales.  It  becomes  of  a  light  grey  colour,  and  encloses 
seams  of  iron-stone ;  but  below  this  part,  the  rock  resumes  its  softness  and 
smoothness.    (  P.  M.  v.  3 1 .  p.  207.) 

It  abounds  in  pyrites.     (Ibid.) 

The  upper  part  is  most  abundant  in  sulphur,  which  decreases  in  going 
down,  but  the  bituminous  substance  increases,  and  the  rock  becomes  hard 
and  slaty ;  so  that  a  cubic  yard  of  rock  taken  from  the  top  of  the  stratum, 
is  as  valuable  as  five  cubic  yards  taken  at  the  depth  of  one  hundred  feet. 
(N.J.  V.  25.  p.  241.) 

When  a  quantity  of  the  schistus  is  laid  in  a  heap,  and  moistened  with 
sea  water,  it  takes  fire  spontaneously,  and  will  continue  to  burn  till  the 
whole  of  the  combustible  part  was  exhausted.  A  part  of  the  clifF  which  fell 
some  years  ago  was  exposed  to  the  tide ;  it  took  fire  and  continued  to  bum 
for  two  or  three  years.    (Ibid) 

That  part  of  the  alum-shale  of  Whitby  which  is  earthy  rather  than  slaty, 
yields  the  greatest  quantity  of  alum.  A  layer  of  brush-wood  is  made  m 
the  first  instance,  and  shale  is  thrown  down  upon  it,  until  a  considerable 
mound  is  raised.  The  brush-wood  is  then  lighted,  and  a  slow  combustion 
ensues ;  another  layer  of  brush-wood  i%  then  placed  beside  the  first,  and  is 
in  like  manner  covered  by  a  mound  of  shale :  still  others  are  added,  and 
these  mounds,  with  fires  beneath,  are  extended  on  all  sides ;  when  the  shale 
has  efifcctually  caught  fire,  it  continues  to  burn  without  any  addition  of 
fuel.  It  is  afterwards  thrown  into  vats  with  water  and  boiled  twenty-four 
hours ;  it  is  then  conveyed  into  other  vats  where  an  alkali  being  added, 
it  crystallises :  it  is  then  melted  again,  and  purified  by  a  second  crystalli- 
sation. When  so  prepared  it  is  shipped  off  for  London  and  thence  to 
Sweden  and  Russia.    (G.  Notes.) 

The  History  of  Whitby  by  Lionel  Charlton,  in  one  volume  4to.  contains 
the  best  account  of  the  alum  works.    (Ibid.)  , 

Some  parts  of  the  alum  shale  at  Whitby  are  useful  as  marie.    (Ibid.) 

It  contains  masses  of  iron  ore  (septaria),  which,  when  of  a  globular 
form  sometimes  enclose  naphtha  (bitumen  ?) ;  also  sometimes  wood  more  or 
less  petrified  and  occasionally  passing  into  jet  (N.  J.  v.  25.  p.  254);  they 
are  sometimes  coated  with  pyrites. 

It  contains  immense  quantities  of  red  iron  ore  at  the  depth  of  about 
two  hundred  feet  from  the  top  of  the  aluminous  strata,  in  seams  varying 
from  a  few  inches  to  two  feet.  The  iron  ore  yielded  by  analysis  thirty  to 
sixty  per  cent,  of  oxide  of  iron,  phosphoric  acid,  lime,  alumine  and  silex. 
1^  is  smelted  at  Newcastle.     (Ibid.) 

It  contains  sulphate  of  lime  in  crystals,  and  carbonate  of  lime  in  veins. 
(Ibid.) 

Under  the  aluminous  shale  formerly  worked  at  Gisborough  in  Yorkshire, 
is  a  shale  aboun<Ung  in  fossils,  among  which  the  pecten  is  the  most  frequent; 
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passes  York  on  the  east,  and  ci^ses  the  Humber  a  little  east* 
ward  of  the  junction  of  the  Trent  anc(  Ouse,  stretcMng  oit-» 

it  is  in  general  much  decomposed ;  the  unweathered  parts  are  besprinkled 
with  specks  of  mica,  and  resemble  the  Die-earth  of  Shropshire ;  it  is  how- 
ever evidently  a  member  of  the  lias  formation.     (G.  Notes.) 

At  Clay  hill  and  Lone  steep  hill,  at  the  foot  of  Greenhow  hill,  which  is 
composea  entirclv  of  lias,  this  substance  appears  in  a  very  different 
character  from  tnat  which  it  commonly  assumes.  It  is.  true  that  it  is 
occasionally  limestone  and  occasionally  sbale,  in  both  of  which  sUte^  it 
contains  pectines,  belemnites,  &c.  although  neither  ammonites  nor  nautili 
were  perceived ;  but  it  is  more  commonly  in  the  state  of  a  thick  irregulaf 
argillaceous  flag-stone,  like  the  dun-stone  of  Hereford,  and  this,  beconling 
more  sandy  in  the  upper  beds,  at  length  assumes  the  aspect  of  Coleyweston 
slate,  but  tne  fossils  are  the  same  as  those  of  the  lias.  (G.  Notes.)  Indeed 
all  the  most  characteristic  organic  remains  are  found  as  abundantly  in 
Yorkshire  as  in  Dorsetshire,  and  the  identity  of  the  formation  completely 
established  by  them;  we  may  notice  particularly,  with  this  view,  the 
remains  of  the  Icthyosaurus  and  Plesiosaurus.  The  several  species  of  the 
Ammonites  belongme  to  the  division,  which  have  the  siphuncle  in  ail 
elevated  ridge  placed  between  two  furrows  traced  along  the  back  of 
each  volution;  the  Ammonites  armatus;  .the  Gryphoea  incurva;  and  the 
Plagiostoma  gigantea. 

Mr.  Winch  also  gives  the  following  list.    (O.  T.  v.  5.  p.  SBS,) 

Echinus  vulgaris.    Parkinson,  vol.  iii.  tab.  2.  fig.  3. 
Ammonites  serratus.    Sowerby,  tab.  24. 

armatus • 65. 

heterophiilus 16^. 

Nautilus,  .lineatus 41 . 

imperialis 1. 

discus   12. 

jWo^/ioAj .  .depressa  ,••     8.  middle  fig. 

Orthocera  conica 6.  fig.  1  &  2. 

BelcmniUs, 

Mya^  two  species. 

Chama  digitata.    Sowerby,  tab.  174. 

Helix, 

Trigonia. 

Pentaerinite. 

Fectenite  resembling  the  common  scallop. 

These  are  all  mineralised  by  clay-iron-stone,  iron  pyrites,  and  cal- 
careous spar. 

Gigantic  reeds  resembling  arundo  donax  are  found  in  the  sea  cliffs  oppo- 
gite  High  Whitbv.  They  appear  to  have  been  rooted  in  a  bed  of  shale  or 
slate-clay,  and  tneir  remains  protrude  into  a  stratum  of  sand-stone  fiv6 
feet  thicK.  Those  which  stand  erect  retain  their  shape,  but  those  which 
do  not  are  compressed.  Their  tops  seem  to  have  been  broken  off;  the 
woody  matter  has  disappeared,  leaving  sand-stone  casts.  Casts  of  Euphor- 
bias are  also  found  in  the  sand-stone  strata  above  the  alum  rocks.  Wood 
mineralised  by  iron  is  frequently  found  at  Kettleness  and  Stowbrow. 
Trunks  and  branches  of  fossil  trees,  the  bark  and  softer  parts  of  which 
have  been  changed  into  jet,  are  frequently  met  with  in  the  alum  shale : 
and  leaves  and  impressions  like  those  of  the  palm,  are  found  io  the  sand- 
stone and  iron-stone.    (G.  T.  vol.  5.  p.  556.) 
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wards  beneath  the  scarp  of  the  low  oolite  range  of  Lincolnshire, 
to  the  Wold  hills  on  the  borders  of  Nottingham  and  Leicester, 
and  the  celebrated  quarries  of  Barton  upon  Soar,  whence  it 
Continues  still  regularly  accompanying  the  scarp  of  the  hills 
formed  by  the  inferior  and  great  oolite  through  the  counties  of 
Nottingham,  Warwick,  and  Gloucester*  Its  whole  course 
throughout  this  extensive  line  to  a  few  miles  south  of  Glou- 
cester* is  remarkably  regular,  presenting  an  average  breadth, 
of  about  six  miles,  bounded  on  the  south-west  by  the  oolites, 
and  on  the  north-west  by  the  red  marie  ;  but  beyond  that  point, 
its  course  becomes  much  more  intricate ;  for  while  its  eastern 
limit  still  continues  to  accompany  the  oolitic  ranges  through 
Somersetshire  to  the  coast  in  Dorsetshire,  being  its  line  of 
junction  with  the  superior  formations,  its  western  limit  be- 
comes very  irregular,  feathering  in  and  out  among  the  coal- 
fields which  occur  towards  the  aestuary  of  the  Severn,  and  the 
upper  part  of  the  Bristol  channel,  in  Gloucestershire,  Somer- 
setshire, Monmouthsire,  and  Glamorganshire,  and  attended  by 

The  encroachments  made  on  the  cliffs  by  the  sea  and  by  the  weather  is 
so  ereat,  that  the  Aobey,  built  near  Whitby  in  656,  was  then  nearly  one 
mile  from  it,  but  in  1810  the  sea  had  approached  to  within  200  yards  of  it. 
(N.J.  V.  26.  p.  241.) 

*  The  western,  or  exterior  and  lower,  limit  of  this  tract  from  the  Hum- 
ber  to  Gloucester,  may  be  thus  stated  more  particularly ;  it  follows  a  line 
about  two  miles  (on  the  average)  east  of  the  river  Trent,  as  far  as  its 
junction  with  the  Soar,  and  then  pursues  in  a  similar  manner  the  right 
bank  of  the  latter  river ;  forming  occasionally  a  low  escarpment,  which  is 
most  conspicuous  near  the  junction  of  the  two  streams.  From  the  head  of 
the  Soar,  it  crosses  by  the  west  of  Rugby  towards  the  Warwickshire  Avon, 
and  keeps  at  a  variable  distance  (never  exceeding  four  miles)  from  the  left 
or  east  bank  of  that  river,  approaching  closely  to  it  at  Evesham :  there 
are  also  several  outlying  hills  of  this  formation  on  the  right  bank  of  the 
river  between  Warwick  and  Alj^ter ;  the  same  is  the  case  between  the 
confluence  of  the  Avon  and  SeWrn,  where  the  lias  stretches  between 
the  fork  of  those  rivers  opposite  Tewkesbury.  This  ground  is  correctly 
given  in  Mr.  Smith's  Map,  but  inadvertently  coloured  as  lias  in  Mr. 
Greenough*8 ;  in  the  latter  also,  the  lias  does  not  extend  far  enough  ou  the 
west  of  Gloucester,  by  about  two  miles ;  it  ought  to  include  Lassington 
and  Woodbridge  and  the  hill  marked  g  on  the  west  of  the  Severn,  which 
flows  in  a  denudation  of  the  red  marie  to  about  three  miles  north  of 
Gloucester. 

In  the  midland  counties,  from  the  vale  of  Belvoir  to  the  north  of  Oxford- 
shire, some  peculiar  beds  of  rubbly  Has,  often  occurring  a»  concretions, 
characterise  the  upper  part  of  the  lias  marles,  being  separated  how- 
ever by  about  50  feet  of  marie  from  the  marly  sandstones  described  in  the 
fireceding  section :  they  contain  a  greater  variety  of  shells  than  the  regular 
ias  beds;  most  of  those  figured  in  the  Natural  History  of  the  vale  of 
Belvoir  in  the  first  volume  of  Nichols'  Leicestershire  are  from  this  part  of 
the  series;  a  thick  Unio,  and  the  Pentacrinites  tuberculatus,  are  most 
characteristic.  Shuckbrough  hill  in  the  south  of  Warwickshire,  so  well 
known  for  the  occurrence  of  the  star-like  columnar  joints  of  this  foasil,  i^ 
based  on  this  bed. 
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numerous  outlying  masses.  To  render  intelligible  the  Course 
and  position  of  the  lias  in  this  quarter^  it  is  necessary  to  state 
that  this  district  is  principally  occupied  by  three  great  basins 
of  the  coal  formation,  encircled  by  the  subjacent  rocks  of 
mountain  limestone  and  old  red  sandstone  ;  the  edges  of  these 
basins  consist  of  strata  thrown  up  at  a  high  angle  and  often 
nearly  vertical,  forming  bold  and  precipitous  ranges  of  hills, 
among  the  rallies  of  which  the  horizontal  strata  of  lias  with  the 
subjacent  beds  of  red  marie  and  brecciated  or  magnesian  lime 
(hereafter  to  be  described),  form  what  the  Wernerians  would 
call  up-fillings,  being  deposited  unconformable  over  the  ex- 
tremities of  the  highly  inclined  strata  of  the  coal  measures,  &c. 
which  they  cover  very  generally  in  the  lower  grounds;  sel- 
dom exceeding  a  trifling  elevation,  *  and  cut  through  in 
various  directions  by  the  higher  ranges  of  mountain  lime  and 
old  red  sandstone  above  mentioned,  which  of  course  gives  to 
the  whole  a  very  irregular  and  perplexed  outline.  These 
three  principal  coal  basins,  for  there  are  other  small  ones  which 
it  would  only  embarrass  so  general  a  description  to  specify, 
are,  1st.  That  of  South  Gloucester  and  North  Somerset, 
bounded  on  the  south  by  the  range  of  the  Mendip  hills,  on  the 
west  by  the  range  which  passes  by  Clifton  forming  the  defile  of 
the  Avon,  and  on  the  north-east  by  a  continuation  of  the  same 
chain,  trending  round  in  that  direction ;  all  these  chains  exhibit- 
ing inclined  strata  of  mountain  lime  and  old  red  sandstone. 
The  lias  and  subjacent  horizontal  beds  are  seen  filling  up  the 
interior  of  this  basin  in  the  neighbourhood  of  Bristol,  betweon 
that  city  and  Bath,  at  Pucklechurch,  and  throughout  the 
Somersetshire  collieries.  On  the  north-west  of  the  ridge  form- 
ing the  edge  of  the  coal  basin,  they  are  to  be  seen  at  Pyrton 
and  Aust  Passages,  and  numerous  other  points  along  the  aestu- 
ary  of  the  Severn,  by  which  this  coal-field  is  separated  from 
that  of  the  forest  of  Dean.  On  the  south  they  stretch  beyond 
the  foot  of  the  Mendips,  through  the  marshes  of  the  rirers 

*  This  is  to  be  understood  as  a  general  expression  of  the  fact ;  in  some 
parts,  however,  of  the  South  Gloucester  and  Somerset  basin,  towards  the 
Mendip  hills,  where  the  vallies  are  deeply  excavated  through  the  subjacent 
sandstone  to  the  coal  measures,  the  lias  sometimes  caps  the  brow  of  escarp- 
ment between  SOO  and  400  feet  in  height. 

Above  Crosscombe,  on  the  south  of  the  Mendips,  between  Skepton 
Mallet  and  Wells,  the  lias  which  here  abuts  abruptly  against  the  elevated 
strata  of  mountain  limestone,  forms  platforms  about  naif  way  up  the  hills  ; 
and  the  groupe  of  Broadfield  Down,  which  forms  a  portion  of  the  western 
boundary  of  this  basin,  is  skirted  on  the  south-east  with  lias  hills  almoct 
rivalling  it  in  height.  The  details  of  this  district,  which  it  would  be 
scarcely  consistent  with  the  limits  of  a  general  work  like  the  present 
to  trace  *t  greater  length,  ate  represented  with  great  fidelity  in  Mr. 
Greenough*8  Map. 
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Brae  and  Axe^  from  which  they  occasionally  rise  in  low  rtdges, 
such  as  the  Polden  hills,  and  in  one  instance  swell  into  a  more 
lofty  summit  at  Brent  Knoll,  an  insulated  hill  rising  from  the 
marshes  oa  the  southern  coast  of  the  Bristol  channel— for  al- 
though this  hill  has  a  thin  cap  of  inferior  oolite,  yet  its  great 
mass  is  lias ;  thence  they  continue  to  skirt  the  coast  to  a  few 
miles  west  of  Watchett,  near  which  place  they  exhibit  cliffs 
occasionally  rising  to  the  height  of  one  hundred  feet,  and 
extending  to  the  greywacke  chain  of  Quantock.  The  second 
coal  basin  to  be  mentioned  as  affecting  the  lias,  is  that  of  the 
forest  of  Dean,  likewise  encircled  by  an  elevated  border  of 
mountain  limestone  and  old  red  sandstone,  prolonged  chains  of 
which  proceeding  from  its  western  boundary,  cross  the  Wye, 
producing  the  beautiful  defile  of  that  river,  and  forming  the 
range  of  Pen  cae  Mawr,  in  Monmouthshire,  between  that  river 
and  the  Uske.  The  interior  of  this  coal  basin  is  throughout  too 
elevated  to  admit  any  up-filling  of  lias  ;  but  that  rock  is  to  be 
found  abutting  in  horizontal  strata  against  the  soathern  edge  of 
its  exterior  ridges  in  Gloucestershire,  near  the  mouth  of  «the 
Wye,  and  in  Monmouthshire  on  the  south-east  of  Newport; 
also  at  Godcliffe  on  the  Bristol  channel. 

The  third  coal-field  connected  with  the  position  of  the  lias, 
is  the  south-east  portion  of  the  great  coal  basin  of  South  Wales, 
ift  Glamorganshire ;  where  it  is  skirted  on  the  south  by  two 
chains,  or  rather  a  double  chain  of  mountain  limestone,  sepao 
rated  by  the  vale  of  the  river  Ely,  in  which  the  subjacent 
old  red  sandstone  appears.  This  valley  exhibits  several  lower 
Kinges  formed  by  up-fillings  of  lias,  &;c.  commencing  about 
five  miles  west  of  Landaff;  whence  with  some  interruptions 
they  accompany  the  Ely,  first  on  its  left,  and  then  on  its 
right  bank,  to  its  junction  with  the  channel  near  Pennarth 
Point ;  continuing  thence  to  Laveraock  point,  where  the  lias 
is  interrupted,  but  the  inferior  strata  of  red  marie,  &c. 
continue;  and  bending  round  the  extremity  of  the  southern 
chain  of  mountain  lime,  advance  westwards  along  the  coast. 
The  lias  again  rises  at  Barry  Island,  and  continues  to  skirt  the 
coast  in  a  western  direction  for  the  distance  of  fifteen  miles 
nearly  to  the  mouth  of  the  Ogmore  river,  forming  a  range  of 
bold  cliffs,  among  which  is  the  little  harbour  of  Aberthaw, 
celebrated  for  the  lime  it  exports.  These  clifi^  stand  directly 
opposite  those  of  Watchett,  on  the  Somerset  coast. 

In  the  valley  of  the  Ogmore,  near  Bridge  end,  is  another 
up-filling  of  lias,  which  advances  a  little  within  the  edge  of  the 
eoal-field. 

leaving  these  intricate  districts,  and  resuming  the  progress 
of  the  lias  to  the  south,   it  advances  regularly  beneath  the 
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oolitic  ranges  through  the  south-east  of  Somersetshire,  into 
Dorsetshire ;  where  the  overlying  strata  of  green  sand,  (which 
in  this  quarter  extend  successively  over  the  edges  of  all  the 
inferior  strata  as  far  as  the  red  marie)  cover  and  conceal  it, 
forming  the  high  ranges  of  the  Blackdown  hills.  It  is  however 
laid  open  to  view  by  denudation  in  all  the  eastern  vallies  of 
that  chain,  and  may  thus  be  traced  to  the  coast  of  the  channel; 
where,  in  the  neighbourhood  of  Lyme,  it  is  displayed  in  a  range 
of  clilfs,  extending  about  four  miles,  and  sinking  at  length 
beneath  a  covering  of  the  inferior  oolite  and  its  sand. 

The  best  places  for  studying  this  stratum  are  the  cliflFs  of 
Whitby  in  Yorkshire,  those  of  Fretheme  and  Westbury,  on 
the  asstuary  of  the  Severn  in  Gloucestershire,  of  Watchett  in 
Somersetshire,  of  Aberthaw  in  Glamorganshire,  and  of  Lyme 
in  Dorsetshire. 

(e)  Height  of  hills.  The  lias  generally  forms  broad  and 
level  plains  at  the  foot  of  the  oolitic  chain  of  hills.  It  may  be 
generally  observed,  that  all  the  argillaceous  formations  in  most 
instances  occur  as  constituting  low  tracts,  in  the  present  con- 
figuration  of  the  Earth's  surface; — a  circumstance  which  is 
rather  to  be  attributed  to  their  having  offered  less  resistance 
to  the  denuding  causes  which  modified  the  inequalities  of  that 
surface,  than  to  any  thing  connected  with  their  original  for- 
mation. These  plains  are  sometimes  diversified  with  low 
ridges,  and  a  slight  escarpment  may  often  be  traced  following 
the  lower  limit  of  the  formation.  This  escarpment  is  most 
conspicuous  on  the  borders  of  Nottinghamshire  and  Leicester- 
shire, where  it  forms  a  well  marked  range  distinguished  by  the 
name  of  the  Wold  hills.  Near  the  Mendips,  as  we  have 
already  noticed,  the  lias  sometimes  occurs  on  the  brow  of 
tolerably  steep  escarpments,  but  its  maximum  of  elevation 
probably  falls  short  of  five  hundred  feet  above  the  level  of  the 
sea. 

(f)  Thickness.  The  joint  consideration  of  the  dip  of  the 
beds  constituting  this  formation  and  their  horizontal  extent, 
together  with  the  relative  levels  of  its  superior  and  inferior 
limit,  gives  a  result  of  between  four  and  five  hundred  feet  for 
their  thickness  in  the  midland  counties. 

(g)  Inclination  of  the  strata.  This  is  ^sually  very  small 
not  exceeding  forty  feet  in  the  mile,  which  conformably  with 
all  the  strata  ranging  through  the  island,  from  north-east  to 
south-west,  is  in  a  south-easterly  direction  ;  but  where  it  comes 
into  contact  with  the  ridges  of  mountain  lime  and  older  rocks 
in  Glamorganshire  and  Somersetshire,  it  is  occasionally  much 
disturbed  and  affected  by  some  of  the  faults  which  traverse 
them ;  such  disturbances  are  however  alsvays  partial  and  limited; 
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its  general  character  of  horizontal  stratification,  always  pre- 
vailing. Near  Watchett,  these  partial  disturbances  prodace 
an  appearance  of  alternation  in  the  strata  of  lias  and  red  rock 
marie. 

(A)  Agricultural  character.  The  lias  soil  is  generally  cold 
and  tenacious,  better  adapted  to  pasture  than  tillage  :  in  more 
sheltered  situations  it  is  faTorable  to  the  growth  of  wood. 
(G.  Notes.) 

In  Glamorganshire  it  produces  very  fine  wheat ;  and  the 
marie  of  the  rag,  or  grey  lias,  is  esteemed  the  richest  in  the 
country.     (Mr.  G.  Williams.  G.  Notes.) 

Samphire  grows  more  plentifully  and  luxuriantly  in  the  grey 
lias  cliffs  of  Glamorganshire  than  on  any  other.     (G.  Notes.) 

(«)  Water.  The  springs  are  generally  thrown  out  by  the 
marie  above  the  lias,  near  its  junction  with  the  lower  beds  of 
the  sand  underlying  the  inferior  oolites,  and  it  is  therefore 
doubtful  to  which  of  the  formations  they  should  with  most  pro- 
priety be  referred.  The  mineral  waters  of  Ilmington  (War- 
wickshire), Cheltenham,  Bath,  Glastonbury,  and  Alford  near 
Castle  Cary,  appear  to  be  thus  situated  :  the  former  is  a  chaly- 
beate, the  latter  contain  various  proportions  of  iron,  carbonate 
of  lime,  sulphate  of  lime,  sulphate  of  magnesia,  sulphate  of 
soda,  muriate  of  soda,  which  last  is  often  very  abundant,  &c^ 
but  the  analyses  of  those  of  JBath  and  Cheltenham  appear  to 
have  been  alone  carefully  performed. 

When  completely  within  the  district  of  the  lias  marles.  water 
(excepting  the  ground  springs)  is  only  to  be  procured  by  sinking 
to  the  bottom  beds. 
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CHAPTER  IV. 


RED  MARLE,  or  NEW  RED  SANDSTONE. 

This  Chapter  will  conclude  our  Tiew  of  the  formations  above 
the  great  and  Important  deposits  of  coal,  and  comprise  the  beds 
between  the  lias  and  those  deposits :  these  are  entirely  refer- 
able to  two  formations  yery  intimately  connected  together,  viz. 
Ist.  a  series  of  marly  and  sandy  beds  intermixed  with  conglo* 
merates  derived  from  older  rocks,  containing  gypsum  and  rock 
salt,  and  in  one  instance  amygdaloidal  trap  :  and  2ndly,  a  cal- 
careous formation  often  brecdated  and  characterised  by  contain- 
ing  a  considerable  portion  of  magnesia:  this  lies  beneath,  or  at 
least  in  the  lower  portion  of  the  above  series.  The  f6rmer 
deposits  are  commonly  known  by  the  name  of  Red  marie  or 
New  red  sandstone ;  the  latter  as  the  Magtiesian  limestone. 

The  firsi  section  of  this  chapter  will  therefore  treat  of  the 
former,  and  the  second  of  the  latter  of  these  formations;  a 
third  section  will  be  added,  dedicated  to  a  comparison  of  these 
formations  in  this  island  and  other  parts  of  the  globe,  which  in 
this  instance  it  will  be  found  more  convenient  to  subjoin  than 
prefix.     (C.) 

Section  I. 

RED  MARLE. 

(a)  Chemical  and  external  characters.  This  formation  is  by 
some  also  termed  the  Red  Rock^  or  Red  Ground.  It  is  a  very 
extensive  deposit,  stretching  with  little  interruption  from  the 
northern  bank  of  the  Tees  in  Durham  to  the  southern  coast  of 
Devonshire.  Its  texture  is  very  various.  It  appears  sometimes 
as  a  reddish  marie  or  clay,  sometimes  as  a  sandstone ;  some- 
tiimcs  the  clay  and  sandstone  are  interstratified  or  pass  the  one 
into  the  other ;  and  it  will  farther  appear  that  it  is  associated 
with,  or  contains  beds  of,  a  conglomerate  consisting  of  masses 
of  different  rocks  cemented  by  marie  or  by  sand.  When  this 
deposit  appears  as  a  sandstone,  its  characters  differ  greatly  in 
different  places;  it  is  occasionally  calcareous,  and  sometimes 
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of  a  slatj  texture.  Above  all,  this  extensive  deposite  is  re<^ 
markable  for  cbotsuning  masses  or  beds  of  gypsum ;  and  the 
great  fock-salt  formation  of  £digland  occurs  within  it,  or  is 
subordinate  to  it ;  in  some  places  the  strata  of  coal  dip  be- 
neath it. 

Although  it  would  perhaps  be  generalising  too  hastily  to 
assert  that  these  beds  invariabl  j  follow  in  a  constant  order,  yet 
it  may  be  safely  stated  as  a  general  truth,  that  the  red  marW 
containing  gypsum  usually  occupies  the  higher,  the  sandstone 
the  central,  and  the  conglomerate  the  lower  portions  of  this 
deposite;  but  the  most  remarkable  of  the  subordinate  beds 
connected  with  this  formation  are  those  of  amygdaloidal  trap, 
which  occur  in  it  in  Devonshire :  as  these  are  confined  to  that 
county,  they  will  be  described  in  treating  of  its  local  characters 
in  that  quarter.     (C.) 

The  general  composition  of  these  beds  is  argillaceous,  argillo- 
siliceous,  with  a  variable  proportion  of  calcareous  matter,  some<» 
times  effervescing  weakly  with  acids,  sometimes  not  at  all.  (C.) 

The  marie  and  sandstone  are  often  red,  but  vary  in  their  hue 
from  chocolate  to  salmon  colour;  they  are  not  unfrequentlj 
variegated,  exhibiting  streaks  of  light  blue  or  verdigris,  buff,  or 
cream  colour  (G.  Notes)  ;  this  forms  so  prominent  a  character, 
that  Werner  denominated  the  formation  ''  hunter  sandstein,^ 
variegated  sandstone.     (C.) 

At  Westbury  on  the  Severn  in  Gloucestershire,  it  is  for  the 
most  part  greyish  blue  and  chocolate  red,  alternating  at  inter- 
vals of  about  a  foot,  but  sometimes  crossing  each  other,  and 
sometimes  intermingled.     (G.  Notes.) 

The  soil  of  Malborough  in  Deyonshire  is  so  red  that  the 
butchers  at  Dodbrooke  market  know  the  sheep  by  the  colour 
of  the  fleece  that  come  from  thence.     (Polwhele,  G.  Notes.) 

From  the  prevalence  of  this  striking  colour,  the  soil  of  the 
formation  has  given  rise  to  many  local  names ;  as  in  Exeter  to 
Rougemont  castle,  now  a  prison  ;  in  Somersetshire  to  Radford, 
Red  hill,  and  Redcliff;  in  Gloucestershire  to  Redbrook;  in 
Worcestershire  on  the  borders  of  Glamorganshire  to  Red  marly ; 
in  Warwickshire  to  Radford  ;  in  Nottinghamshire  to  Retford ; 
Radford,  Ratcliffe  and  to  Redhill  at  the  junction  of  the  Trent 
and  Toar ;  in  Derbyshire  to  Retford ;  and  in  Yorkshire,  to 
Rotherham,  Red  mire,  Red  ho,  and  Red  bar  rocks,  which 
appear  on  the  sea  coast  between  Gisborough  and  Hartlepool. 
(T.  155.) 

The  red  marie  is  remarkable  for  its  fissures,  which  are  trans- 
verse to  the  strata,  and  separating  the  rock  into  rhombic  forms. 
A  striking  example  of  this  may  be  seen  at  the  new  cut,  Bristol, 
near  Bridgnorth  in  Shropshire,  at  Kidderminster  in  Worcester- 
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shire,  aod  near  Sufton  and  Ellaston  ia  Staffordshire.  G.  Notes.) 

At  We3tbury  on  Severn  and  other  places,  it  is  found  in  con- 
centric lamellar  concretions,  which  often  crack  into  irregular 
hexahedral  and  pentagonal  masses.     (G.  Notes.) 

Fullers'  earth  is  raised  from  the  marie  beds  at  Raddle  pits 
near  Braithweel,  north-east  of  Rotherham,  and  at  Renton  in 
Yorkshire ;  and  at  Taschbrook,  one  mile  from  Warwick,  a  sub- 
stance probably  of  the  same  nature,  as  it  was  intended  as  a 
substitute  for  soap,  was  raised  by  the  Earl  of  Warwick. 
(G.  Notes.) 

The  sandstone  of  this  formation  consists  of  rather  fine  grains 
of  quartz,  with  a  few  specks  of  mica,  cemented  by  clay  and 
oxide  of  iron ;  it  contains  galls  of  clay,  is  friable,  and  affords 
large-  tracts  of  sand.  The  beds  generally  differ  in  colour,  and 
though  it  rarely  happens  that  any  great  variety  of  colour  is 
seen  in  the  same  bed,  yet  between  Exeter  and  Exminster  in 
Devonshire,  the  white  and  red  layers  of  sand  are  strangely 
mixed.  Although  it  appears  to  consist  principally  of  siliceous 
particles  worn  down  by  attrition,  yet  it  exhibits  unequivocal 
]^roofs  of  chemical  action.  It  sometimes  contains  small  white 
opake  crystals  of  felspar,  and  in  Cumberland  fragments  of 
flinty  slate.  It  is  sometimes  amygdaloidal,  and  sometimes 
passes  by  insensible  gradations  into  trap.     (G.  Notes.) 

The  slaty  character  of  the  sandstone  is  mostly  derived  from 
particles  of  mica  which  are  generally  grey,  and  lie  in  detached 
spots,  not  in  regular  layers.  It  occasionally  passes  into  slaty 
marie.     (G.  Notes.) 

This  rock  is  generally  unfit  for  the  purposes  of  architecture, 
but  in  some  places  it  has  sufficient  cohesion  to  afford  some  of 
the  finest  freestone  in  the  kingdom.  The  tower  of  Kenton  in 
Devonshire,  is  a  proof  that  sometimes  it  is  durable.  (Polwhele. 
G.  Notes.) 

It  affords  an  excellent  white  freestone  at  Runcorn  and  Man- 
ley  in  Cheshire.  In  the  parish  of  Addingham  (Cumberland  ?) 
the  Druidical  temple  called  Long  Meg  and  her  daughters,  con- 
sists of  red  grit-stone  ;  some  of  the  stones  are  18  feet  in  height 
and  14  in  girth.     (Pennant,  G.  Notes.) 

From  the  softness  of  this  sandstone  it  has  been  frequently 
excavated  into  extensive  artificial  caverns ;  such  as  those  near 
Nottingham,  which  as  they  gave  rise  to  the  name  of  the  place, 
Snodengaham,  ^^  the  home  of  caverns,''  must  have  been  of 
great  antiquity,  and  probably  may  have  formed  the  dwellings 
of  the  rude  aborigines :  there  are  similar  but  smaller  excava- 
tions at  Knaresborough  (Yorks)  and  Guy's  cliff,  Warwick.  (C.) 

Some  of  the  sandstone  beds  of  this  formation  bear  so  near  a 
resemblance  to  some  of  the  grits  associated  with  the  coal  for- 
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matiori^  and  to  the  softer  strata  of  the  old  red  sandstone  ander- 
Ijing  the  mountain  limestone,  that  a  cursory  observation  of 
them  would  often  lead  io  fallacious  conclusions.  It  may  hoW'* 
ever  be  generally  recognised  without  much  difficulty  by  thd 
following  distinctive  characters ;  1st,  its  containing  gypsum ; 
2ndly,  by  the  inferior  consolidation  of  its  stony  beds ;  Sdly,  by 
the  regularity  of  its  stratification,  and  the  general  parallelism 
of  its  beds  to  the  horizon.     (C.) 

Further  notices  of  the  local  characters  of  this  formation  will 
be  incorporated  in  the  account  of  its  range  and  extent. 

(6)  Mineral  contents.  Besides  the  extensive  deposit  of  rock 
salt  and  gypsum  *  noticed  above,  sulphate  of  strontian  and  ba- 

♦  We  have  extracted  the  following  noticeis  from  the  notes  obligingly 
given  to  the  editor  by  Mr.  Greenough  with  regard  to  the  gysum  and  salt. 

Alabaster.  Provincially  Plaister  stone,  and  Hall  Plaister.  In  Devon- 
shire, Spear,  i.  e.  Spar. 

This  substance  is  a  considerable  article  of  trade.  The  larger  masses  are 
worked  into  pillars,  as  at  Kcdle«ton  in  Derbyshire,  or  vases  and  other  orna- 
ments. The  finer  varieties  of  the  fibrous  gypsum  are  made  into  earrings 
and  necklaces:  the  coarser  kinds  are  used  as  moulds  by  the  potters  of 
Staffordshire,  or  is  used  for  stucco,  plaister,  flooring,  &c.  for  which  it  is 
prepared  by  burning,  and  threshing,  or  pulverizing  with  flails,  after  whic^ 
It  is  passed  through  a  riddle. 

In  America  the  virtues  of  this  substance  as  a  manure  are  highly  extolled, 
but  in  this  country  our  expectations  in  this  respect  have  been  disappointed. 

No  organic  remains  or  metallic  minerals  have  hitherto  been  found  in  the 
gypsUm  of  this  formation. 

At  Newbiggin  in  Cumberland  it  lies  in  red  argillaceous  marie,  between 
two  strata  of  sandstone ;  the  upper  solid,  hard  and  fine-grained,  the  under 
loose  and  coarse-grained : .  in  some  places  it  rests  on  decayed  wood-like 
^mber.    (Hist.  &  Antiq.  of  Cumb.) 

One  mile  south  of  Whitehaven  in  Cumberland,  the  subterranean  work- 
ings for  alabaster  extend  SO  yards  in  a  direct  line ;  the  passages  are  low, 
and  of  a  size  just  suflicient  to  allow  one  man  to  enter  them.  From  the 
main  passage  ar«  two  or  three  lateral  ones,  each  extending  perhaps  10  yards; 
at  their  extremities  are  large  spaces  in  which  the  alabaster  is  blasted  by 
gunpowder. 

The  alabaster  is  generally  compact,  forming^  a  regular  and  conformable 
bed,  but  on  blasting  it,  crystals  of  selenite  often  appear  in  druses.  After 
exposure,  it  often  exhibits  parallel  lines,  the  effect  of  stratification,  which 
are  not  perceptible  in  the  fresh  fracture. 

At  the  commencement  of  the  last  war  with  France,  from  200  to  300  tons 
of  the  Newbiggin  gypsum  was  sold  per  annum.  (Hutch.  Hist.  Cumb.) 

It  is  remarkable  that  the  names  of  many  places  near  which  salt  is  found 
tbrmitiate  with  wich  or  wych,  as  Droitwich,  or  Nantwich,  &c. ;  and  the 
houses  in  which  salt  is  manufactured  Wych-houses.  Wich,  according  to 
Skinner,  is  an  Anelo-Saxon  word  for  district  or  habitation. 

The  Aster  trifolium,  or  farewell  to  summer,  a  kind  of  Michaelmas  daisy, 
b  considered  an  indication  that  brine  is  in  the  neighbourhood :  its  proper 
habitat  is  the  sea-shore. 

The  making  of  salt  from  the  brine-springs  adjacent  to  Nantwich  in  Che- 
shire, formed  a  very  important  business  in  the  time  of  Elizabeth,  when 
there  were  216  salt  works  of  six  leads  walling  each;  in  1774  there  were 
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r  jtes  occur  in  this  ferBoation,  and  perhaps  also  yellow  and  other 
ores  of  copper^  grey  oxide  of  cobalt,  and  black  oxide  of  Hiaoga- 
nese :  the  reason  for  speaking  dojibtfully  on  these  latter  articles 
will  appear  in  the  following  statements.     (C.) 

At  Seacome  Ferry  on  the  shores  of  the  Mersey  opposite  to 
liverpool,  and  for  several  miles  along  the  coast,  magnetic  iron* 
sand,  mixi^d  with  mach  iserine,  ooses  out  of  a  cohering  sand 
lying  below  a  deep  bank  of  clay,  and  which  is  considered  aS' 
entering  largely  into  the  geological  composition  of  that  part  of 
Cheshire.     (G.  T.  vol.  4.  p.  447.) 

(c)  Orgqnic  remains.  None  whatever  have  yet  been  ftnMid 
in.  any  of  the  rocks  connected  with  this  formation,  unless  th» 
magnesian  limestone  (which  contains  some  marine  animals)  be 
considered  as  included  in  it.  * 

(d)  Rang^  and  extent.  The  eastern  or  superior  limit  of 
this  formation  (being  its  junction  with  the  lias)  has  already  been, 
traced  through  the  island  as  forming  the  inferior  limit  of  the^ 
latter  rock,  but  we  no  longer  find  in  this,  as  in  the  preceding 
formations,  the  western  or  inferior  limit  describing  a  line  n^rly 
parallel  to  the  former,  and  thus  together  with  it  including  a, 
band  or  zone  of  nearly  unifomi  breadth.  The  reason  of  this 
circumstance  is,  that  the  Red  Marie,  and  its  associated  magn^* 
fiian  limestone,  form  the  last  of  the  nearly  horizontal  and  coa< 
formAl^e  strati^  occupying  the  e^t^rn  aqdv  southern  counties ;. 
and  the  strata  of  the  succeeding  formatiooa  are  unconformabiy 
placed  with  regard  to  these,  rising  from  beneath  them  at  various 

only  two  works  of  five  large  pans  of  wrought  iroq.  The  duty  produced. 
£rom  them,  amounts  annuaay  to  near  ^5000;  from  the  whole  disti:ict»  in-' 
eluding  the  works  at  t^wton  and  a  small  one.  at  Droit wich»  from  Jl  8,000, 
tOc^20.000- 

&ilt  was  an  object  of  taxation  at  a  very  early  period  in  this  country.. 
Ancus  Martius,  640  years  before  our  era,  *  Salin^rum  vectigal  insti^uit/ 
This  tribute  was  continued  on  the  Britons  when  our  isle  was  possessed  by 
th^  Ronians,  who  worked  the  Droitwich  mines,  and  who  made  salt  a  part 
of  the  pay  of  their  soldiers*  salarium  or  salary.  Hence  the  custom  at  the 
Eton  moQtem  of  asking  for  salt. 

The  ancient  mode  of  making  salt,  an4  which  even  now  I  beKeve  is  prac- 
tised in  Germany,  was  to  fling  the  brine  on  burning  wood,  by  which  mea^ 
the  water  was  evaporated,  and  the  salt.  was. left  adhering  to  the  ashe». 

The  SaxoQs,  according  to  their  ideas  of  liberty,  divided  the  salinabet^srcfn 
the  king,  the  nobles,  and  the  freemen.  Of  the  salt  works  at  N2intwich«« 
eight  were  the  joint  property  of  the  kin^  and  Earl  Edwin.  The  king  haiJt, 
two-thirds  of  the  profits,  the  earl  one-third :  Edwin  had  also  a  work  near 
his  manor  of  Aghton,  which  yielded  sufficient  salt  for  the  consumption  of 
his,  househpld.  If  the  salt' of  this  work  was  sold,  the  king  was  to  have.  a. 
Ux  of  two  pence  upon  it,  and  the  earl  one  penny. 
.  ♦  There  is  a  very  req^ark^ble  variety  of  chert  containins^  shells  overlying 
t^  calcaceo-magneiian.  .conglomerates  of  the  Mendip  hills  (Somj^rset«.); 
ill,  ^me  plsi^es^  but  this^  should  most  probably  be  incli^de^  vnd^  thf' 
deposite  wLicli  these  irepreseat-^the  ma^esian  limestoxie  formation* 
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IPB^  bften  ^9^  ^onsid^l^ble  angles,  atid  toweiidg  iiftb  \etif 
f  roups  and  chains  of  mountains,  around  which  the  lUd  Marie 
skirts,  occupying  the  extended  plains  at  their  ba^e :  so  that 
the  appearance  of  the  whole  may  be  described  by  the  figure  of 
a  sea  composed  of  horizontal  beds  of  red  marle^  &c.  surround^ 
log  elevated  islands  consisting  of  rocks  of  the  coal-formtttion, 
or  carboniferous  mountain  limestone,  old  red  sandstone,  tran<^ 
Sition  slate,  and  greenstone,  all  rariously  and  irregularly 
iimtified.    <C) 

To  trace  this  formation,  as  before,  in  its  course  fk'otn  Ihd 
iiorth*«a8t  to  (he  south-west;  the  first  mountain  chain  thud 
skirted  by  it  is  the  long  mountain  range  \^hich  pervades  thd 
counties  of  Northumberland,  Durham,  Yotk,  and  Derby,  and 
joins  on  the  west  to  the  Cumberland  mountains.  (C.)  It  first 
occurs  ott  the  east  side  of  this  chain  at  the  mouth  of  the  Teei^^ 
where  it  appears  as  a  fine-^grained  sandstone  of  a  brick^red 
colour,  which  effervesces  with  acids ;  its  limit  on  the  north-east 
is  a  little  above  the  northern  bank  of  the  Tees.  The  strata  are 
numerous,  and  consist  (as  far  as  one  lian  judge  from  the  miner'ii 
laoguage)  of  white,  grey,  or  red  Sandstone,  with  occasional  in- 
terposed strata  of  a  more  compact  nature,  red  or  blu^  shat^ 
(slate  clay),  coaly  matter  in  thifi  layers,  and  gypsum  M  nodttles 
tad  in  beds  of  from  one  to  three  feet  in  thickness*  The  l6#^st 
bed  in  two  of  the  deepest  Woiltings,  was  a  white  rock  of  it  ^U 
eareous  nature.    (G.T.  vol.  4.  p.  2.) 

It  thence  proceeds  due  south  by  the  city  of  York  to  Notting^ 
ham,  following  the  vales  of  the  Ouse  and  the  Trent.  Through 
this  part  of  its  course,  it  has  a  pretty  uniform  breadth  of  from 
eight  to  twelve  miles,  and  is  regularly  accompanied  on  the  west 
by  its  attendant  magnesian  limestone.  Gypsum  occurs  plenti^ 
fftlly  in  the  isle  of  Axholme,  and  various  other  places  in  1XoU 
tinghamshlre.  A  considerable  district  decupled  entirely  hf 
quartzose  gravel  occurs  in  the  latter  county,  b^weeri  the  marie 
and  magnesian  limestone.  Deposits  of  this  kind  extend  to  th^ 
depth  of  200  or  300  yards,  and  at*e  often  consolidated  into  a 
Sk3»ft  pudding-stone,  an  example  of  which  may  be  seen  in  the 
Castle  hill  at  Nottingham.  Although  this  gravel  has  been  re^ 
ferred  by  some  writers  to  a  recent  alluvial  origin,  it  seems  more 
probable  that  It  is  a  form  of  the  conglomerate  rocks  so  generally 
attendant  upon  this  formatkyn.  It  constitutes  the  prevailing 
tttatam  throughout  Sherwood  forest.    (C.) 

To  the  soUth-West  of  Nottingham  the  district  tovefed  hf  th* 
Wd  marie  expands  hito  that  vast  tract  of  nearly  level  countrjf^ 
Whieh  occupies  the  greater  part  6f  the  midland  counties.  Bitt 
Bef6it$  proceeding  td  the  general  description  of  this  c^tral 
pk^,  H  Wtif  b«  jnore  eonvenieikt  itst  tf»  trace  il^  northern  6of* 
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der,  where  the  red  marie  skirts  round  the  southern  base  of  the 
Derbyshire  mountains,  thence  pursuing  the  course  of  that  for<« 
mation  to  the  north  along  the  western  base  of  the  same  chain, 
and  afterwards  returning  to  the  central  plain  in  our  progress  to 
the  south.     (C.) 

Pursuing  this  order,  we  shall  first  hare  to  describe  the 
northern  border  of  the  great  central  plain  which  may  be  con*' 
veniently  taken  as  the  tract  included  between  the  Trent  and  ' 
the  mountains  on  the  north  of  Ashborne  in  Derbyshire,  This 
tract  is  uniformly  occupied  with  strata  of  the  red  marie  format 
tion,  with  the  exception  of  some  very  inconsiderable  and  in-^ 
sulated  patches  of  the  older  rocks,  which,  in  one  or  two  places^ 
emerge  from  beneath  the  covering :  of  this  we  have  examples 
at  Wild  park  near  Brailsford,  eight  miles  north-west  from 
Derby,,  and  fiirchwood  park  near  Roston,  four  miles  south- 
south-east  from  Ashborne,  where  the  older  variety  of  magnesian 
limestone  associated  with  the  carboniferous  or  mountain  lime- 
stone, are  thus  thrown  up;  and  in  a  line  between  the  two 
points,  coal-measures  have  been  proved  at  Spring  hall  near 
Edmaston  and  Darley  moor  near  Yeavely  in  Derbyshire.  To 
the  northrwest  of  the  latter  place,  a  white  gravel  rock  has 
also  been  found  not  far  from  the  banks  of  the  Dove  near 
Snelston,  &c.  which,  however,  very  possibly  belongs  to  the 
conglomerates  of  this  formation  ;  and,  with  these  exceptions, 
the  whole  of  the  district  above  stated  is  occupied  by  strata 
of  the  present  formation  (C),  among  which  are  visible  some 
fine-grained  micaceous  gritstone  beds,  of  considerable  thick- 
ness, which  occasionally  are  sandy,  as  at  Normaton,  south  of 
Derby,  &c.  From  the  more  clayey  parts  of  this  stratum, 
bricks  and  tiles  are  made.  Occasionally  it  encloses  streaks, 
or  thin  beds,  of  light  blue  or  greenish  blue  earth,  or  marie. 
These  are  common  in  the  red  marie  of  Nottinghamshire, 

In  Derbyshire,  some  considerable  deposits  of  gypsum  have 
been  found  in  the  red  marie,  and  some  of  them  are  worked  for 
that  mineral.  Chellaston  is  about  five  or  six  miles  south-east 
of  Derby,  and  it  appears  that  on  the  south-east  of  that  town 
there  are  several  quarries  :  part  of  Chellaston  hill  would  present 
a  naked  and  water-worn  rock  of  gypsum,  were  it  not  for  the 
alluvial  clay  that  covers  it.  Near  Alston,  also,  which  is  some- 
what further  on  the  south-east,  and  formerly  at  Ballington  hill 
near  Ambaston,  there  were  other  quarries :  gypsum  has  also 
been  seen  in  other  places.  It  should  seem  that  it  occurs  only 
in  particular,  patches  or  nodules,  where  it  occasions  a  rise  or 
isolated  hill,  by  the  additional  thickness  which  it  gives  to  the 
stratum  of  marie  in  those  places ;  but  it  occasionally  forms  very 
thin  beds  or  layers^  which  sometimes  are  finely  striated  trana» 
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v^rsely  to  the  strata.  The  principal  demand  for  the  pure  white 
gypsum,  or  that  slightly  streaked. with  red,  is  by  the  potters  in 
Staffordshire,  who  form  their  molds  of  the  plaster  of  Paris 
which  it  yields ;  but  some  particular  blocks  are  selected  for  the 
use  of  the  turner,  and  the  maker  of  alabaster  ornaments.  When 
mixed  with  blue  or  green  earth,  it  is  called  flooring-stone; 
that  which  is  found  in  very  thin  beds,  is  used  for  the  building 
of  walls  and  other  common  purposes.     (F.  148,  &  seq.) 

Advancing  from  Derbyshire  into  Staffordshire^  we  still  find 
the  same  formation  occupying  the  low  district  between  the 
Tallies  of  the  rivers  Dove  and  Trent :  near  the  confluence  of 
these  streams,  gypsum  is  dug  in  many  places,  and  salt  springs 
abound  near  the  Trent,  particularly  at  Weston  near  Stafford^ 
where  salt  works  have  been  established.     (C.) 

Near  the  head  of  the  western  branches  of  the  Trent,  the 
great  central  plain  of  the  red  marie  unites  with  that  occupying 
nearly  the  whole  of  Cheshire^  the  southern  part  of  Lancashire^ 
and  the  northern  part  of  Shropshire^  and  watered  by  the  Dee, 
the  Weaver,  and  the  Mersey.  The  vallies  of  these  three  rivers 
are  occupied  by  the  red  marie  formation,  and  the  central  valley, 
that  of  the  Weaver,  presents  throughout  its  course,  abundance 
of  salt-springs  containing  above  twenty -five  per  cent,  ef  salt ; 
gypsum  is  also  plentiful.  At  Northwich  in  this  vale,  an  ex- 
tensive deposit  of  solid  rock  salt  has  also  been  found,  consisting 
of  two  beds,  together  not  less  than  sixty  feet  in  thickness. 
These  beds  are  supposed  to  form  large  insulated  masses  of  thb 
mineral,  extending  in  length  about  a  mile  and  a  half,  and  in 
breadth  about  1300  yards.  There  are  other  deposits  of  this 
mineral  in  the  same  vallies,  but  of  less  importance  than  this.  (CL 
from  Dr.  Holland's  paper  in  G.  T.  vol.  1.)  The  section  pre- 
sented by  the  workings  at  Northwich  is  as  follows. 


Section  of  the  Strata  sunk  through  to  the  second  Bed  of 
Rock  Salt,  at  fVitton  near  Northwich.    (G.  T.  V.\,p.  62.> 

feet.  inch. 

1.  Calcareous  marl 15  — 

2.  Indurated  Red  Clay 4  6 

3.  Indurated  blue  Clay  with  sand 7  — 

4.  Argillaceous  marl 1  — 

5.  Indurated  blue  Clay * 1  -— 

6.  Red  Clay,  with  sulphate  of  lime  irregularly 

intersecting  it •  • 4    »- 

7.  Indurated  brown  Clay,  with  grains  of  sulphate 

of  lime  interspersed •, 4    -— 
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^     8;  Isdiiiated  Inroini  Clay  with  sulphate  of  lime, 
crystallized  in  irreguUrHiasses,  and  in  large 

proportion , IS     -^ 

9.  Indorated  blue  Clay,  laminated  with  sulphate 

of  lime 4      d 

10#  Argillaceous  marl 4    — 

11.  Indurated  brown  Clay,  laminated  with  sulphate 

of  lime 3    — 

IS.  Indurated  blue  Cliiy,  with  lamine  of  sulphate 

of  lime ; • 9    **^ 

13.  Indurated  red  and  blue  Clay IS     *^ 

14.  Indurated  brown  Clay,  with  sand  and  sulphate 

of  lime,  irregularly  interspersed  through  it. 
The  fresh  water  (360  gallons  per  minute) 
finds  its  way  through  holes  in  this  stratum^ 
and  has  its  level  at  16  yards  from  the  surface  13    -^ 

15.  AiYillaceous  marl , S    **^ 

10.  Indurated  blue  Qay  with  sand,  and  grains  i^ 

sulphate  of  lime • . .  •     3      9^ 

17*  ludurated  brown  day,  with  a  little  siilpfaatt  of 

lime Id    *-*• 

18.  Indurated  blue  Clay,  with  grains  of  sulf^xte  of 

lime , 1       0 

19.  Indurated  brown  Clay,  with  sulphate  of  lime  .     7    — -^ 

ta  The  first  bed  of  Rodk  Salt 7b    — 

Si.  Layers  of  hidurat^  Clay,  with  veins  of  ro^ 

salt  Tunnhig  through  them 31       0 

S30    9 
SS.  The  second  bed  of  Rock  salt,  which  has  been 

sunk  into  105  to  108  feet. 
The  valley  of  the  Weaver  is  divided  from  that  of  the  Dee, 
by  a  low  ridge  of  hills,  including  Detamere  Fofi?st,  the  6rag 
on  which  Bierston  Castle  stands,  and  the  Peckforton  hillil; 
and  from  that  of  the  Mersey  by  a  similar  ridge  connected  with 
Alderley  edge.  In  the  Peckforton  hills  a  small  quantity  of 
copper  has  been  found,  and  at  Alderley  edge,*  ores  of  lead, 

«  At  Alderley  edge  in  Cheshire,  the  landttone  ^  fhis^  depoiif  cotitains 
grty  oxide  of  cobalt,  galena  and  yellow  copper  ore,  together  wttk  sulphate 
of  barytes.  In  different  parts  of  Shropshire,  as  at  Hawkestone,  Pym  hill, 
Ac.  it  IS  tinged  by  copper.  Though  iron  abounds  in  this  formation  as  a 
colouring  matter,  it  contains  no  argiBaceoos  hoa  stMit,^  xior  baKs  Of  iron 
ttMM,  nor  any  variety  of  workable  iron.    (G,  Noie»  ) 

It  ia  sometimes  slaty  and  mlcaceoiit,  sometimes  conuiM  pdaUe*  of  ^rts 
and  agate.    (G.  Notes.) 

See  an  accoont  of  Alderiey  £d^,  in  Monthly  Mt^.  Vof.  Hit  (G.  Notes. ) 
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«<^l>6r  and  cobalt,  and  masses  of  sulpluite  of  barjtes ;  b«t  it  ia 
probable  that  these  ridges  maj  not  belong  to  the  sane  formatka 
as  the  red  marie  of  the  yalliei,  bat  maj  oonsist  ol  elevated 
portions  of  some  of  the  older  sandstones.  Tbia  it  a  point  whick 
at  least  deserves  inquiry:  if  the  rocks  composing  then  are 
ibnnd  to  be  thrown  np  at  a  considerable  elevation^  and  tm 
possess  a  considerable  degree  of  consolidation,  this  smj^cioa 
would  receive  confirmation ;  but  if  on  the  other  liand  the^  mhe 
horizontally  stratified,  and  of  a  loose  texture,  ii  would  be 
negatived :  the  same  remark  also  applies  to  Hawkestone  andf 
Pjm  hill  in  Shropshire,  where  traces  of  copper  hove  likewise 
been  found.  Besides  the  extensive  deposite  in  the  vall^  o# 
the  Weaver,  Salt  springs  are  likewise  found  in  that  of  the 
Mersey,  and  to  the  south  near  Wellington  in  Shropshire.  (C.) 
The  sandstone  of  the  latter  country  is  thus  described.  It 
e&isists  for  the  most  part  of  rather  fine  grains  of  quart?,  wHSk 
A  few  spangles  of  mica,  cemented  b j  clay  and  oxide  of  iron; 
Its  colour  is  generally  brownish  red,  and  it  has  but  little 
cohesion ;  on  which  account  large  tracts  of  loose  deep  sand  are 
found  in  many  parts  of  it.  Sometimes  it  oceurs  nearly  of  a 
cream  colour,  and  is  thMi  sufficiently  hard  to  form  an  exc^lent 
building  steae :  it  doe»  not  efifervesce  with  acids,  and  no  shells 
or  other  organic  remains  hove  been  found  in  it.  In  some 
places,  the  loose  sand  on  its  surface  contains  rolled  stones^ 
quartz,  granite,  and  porphyry,  wfaick  also  are  dispersed  over  iie 
aurfM)e,  thoegh  they  are  hirely  if  ever  observed  at  any  con** 
aiderabte  depth  in  the  soM  rock.     (Gr.  T.  vi.  pv  192.) 

The  red  marie  distnct  continues  to<  range  in  a  northerly* 
dfreetfon  from  the  north-west  comer  of  the*  Ch«htre  plain,' 
^rting  the  western  eoMt  of  Laneathk'&j  where  a  red  suidstone 
eocurs  in  ma»y  places;  and  thus  continues  to  line  the^  western 
base  of  the  great  mountain  chain  so  often  mentiotted":  this* 
distftet  is  erroneovsfy  coloured  by  Sn^ith^'ae  old  red*  sandst(me? 
In  the  peninsnla  of  Fumess,  the  red  marie  ts<se(^  thus  reposi^;!^ 
against  the  foot  of  the  Cumberland  branch  of  those  ram^i^in^;' 
md  to  the  north  of  this,  it  may  be  observed  in  a  stmrlai^ 
sttuation  near<  Whl%ehave»  in  Cumberfemd^  wherea  very  satt^*^ 
ihctory- section  is  presented ;  the  magnesiaQ'  limestone-  su%or* 
dlnate  the  red  marie  formation^  b»ng  there  seen  reposing  on^ 
the  coal  Ibrmatibn^  and  covered  by^the  msrlebeds'contalnhig 
^^um.     (G») 

Further  north,  the  same  formation  may*  be  seen  oecupyihg* 
the  coasts  of  the  Soiway  f%fth,  and  the  great  plain- through 
whieh  the  river  Eden  flows,  and  which  here-  forms  a  ktnd^ 
of  bey  o0  low^  countey^  separating' the^  Cnmberlnnd'  greirp'  of 
mowipim'imotiki^  forolikmgalKm^'tfae  eentml  chm»hy€rwf 
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Fell,  &c.    Oypsam  is  abundant  in  this  tract;  hence  the  red 
marie  extends  into  the  south  of  Dumfrieshire.     (C.) 

Returning  to  the  great  plain  in  the  cedtre  of  England^  we' 
here  find  a  tract  of  about  eighty  miles  in  length  and  sixty  in 
breadth5  principally  occupied  by  this  formation ;  several  islands 
of  the  older  rocks,  however,  rising  in  various  places  through  it, 
as  described  in  the  beginning  of  this  article.  These  are  1st* 
the  sienite,  greenstone,  and  slate  district  of  Chamwood  forest 
In  Leicestershire;  Sdly,  the  coal  district  surrounding  Ashby  de 
la  Zouch  in  the  same  county,  connected  with  which  are  several 
patches  of  the  older  or  carboniferous  variety  of  magnesian 
limestone,  and  a  patch  of  millstone  grit  at  Stanton  bridge  on 
the  Trent,  (see  pL  ^.  fig.  2);  Sdly,  the  coal-field  of  Warwick- 
shire;  4thly,  the  Coal-field  in  the  south  of  Staffordshire,  with 
the  transition  limestone  on  which  it  reposes ;  5thly,  the  lower' 
and  northern  range  of  the  Lickey  hill  near  Bromsgrove  in 
Worcestershire^'  which  exhibits  elevated  strata  of  quartzose 
sandstone,  probably  transition  quartz  rock;  and  has  near  it 
some  small  patches  of  transition  limestone  and  rock. 

The  salt  works  of  Proitwich  in  the  latter  county  are  situated 
in  the  south-west  portion  of  this  great  marly  plain*     (C) 

The  pi^vailing  rock  around  Droitwitch  is  a  fine  grained 
ealcareo-agUlaceou^  sandstone,  of  a  brownish  red  colour,  with 
occasional  patches  and  spots  which  are  greenish  blue.  At 
Doder  hill,  where  a  vertical  Section  of  it  is  exposed,  it  contains 
beds  of  a  greenish  grey  colour,  and  of  a  more  indurated  texture, 
but  which  do  not  appear  to  differ  materially  in  composition 
from  the  red  sandstone.  These  contain  slender  veins  of 
crystallized  gypsum,  the  forms  of  which  are  very  distinct  where 
the  widening  of  the  vein  has  produced  small  cavities.  (G.  T. 
V.  ii.  p.  95.)  But  around  Worcester  it  sometimes  resembles 
mere  marie,  with  occasional  patches  of  a  blue  or  of  a  greeii> 
colour;  sometimes  a  fine  sandstone  and  sometimes  a  breccia. 
(K.  110.)  In  various  parts  of  Worcestershire,  there  arc 
alternations  of  this  marie  with  small  and  large  grained  gritstones. 
(K.  109.)  In  one  of  the  pits,  the  strata  sunk  through,  were, 
mould  3  feet,  marie  35  feet,  gypsum  40  feet,  a  river  of  brjlne 
n  inches ;  gypsum  75  feet,  a  rock  of  salt  bored  into  only  five 
feet,  but  probably  extending  much  deeper. .  (G.  T.) 

Hence^  the  red  marie  extends  southwards  down  the  valley 
of  the  Severn,  abutting  against  the  elevated  escarpment  of  the 
sienitic  chain  of  Malvern.     (C.) 

The  course  of  the  red  marie,,  near  the  aestuary  of  the  Sevei^i 
in  Gloucestershire,  Somersetshire,  Monmouthshire,  and  Ghr 
morganshire,  has  already  been  sufficiently  indicated  in  tracing 
that  of  the  lias^  which  it  here  regularly  accon^pa^ies^  seldom 
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ext-endlBg;  to  any  considerable  distance  beyond  it,  and  as  it 
will  be  requisite  to  revert  to  the  same  district  in  describing  the 
magnesian  limestone,  it  is  only  necessary  here  to  add  the  fol- 
lowing particulars.     (C.) 

In  some  places  near  Bristol^  the  lower  part  of  the  sandstone 
of  this  formation,  which  there  overlies  the  Gloucestershire  and 
Somersetshire  coal-field,  alternates  with  layers  of  a  blue  or 
greenish  colour. 

The  red  clay  belonging  to  this  formation,  contains,  in  the 
neighbourhood  of  Bristol,  a  small  quantity  of  sulphate  of  bary- 
tes,  and  abounds  with  sulphate  of  strontian  in  the  form  of  veins 
and  even  large  beds,  and  as  usual  contaioing  gypsum.  (G.  T. 
vol.  iv.  p.  214.) 

On  the  top  of  the  limestone  strata  forming  the  cliffs  on  each 
side  of  the  Avon,  lies  a  yellowish  sandstone,  which  has  some«- 
times  the  appearance  of  a  breccia.  In  its  fissure  are  found 
crystals  of  carbonate  of  lime  and  of  sulphate  of  strontian,  the 
latter  often  in  a  radiated  form,  and  sometimes  in  balls  weigh- 
ing many  pounds.  At  Redland  this  stone  is  covered  by  the 
lias  limestone  in  horizontal  strata,  containing  ammonites,  gry- 
phites  and  anomise  in  abundance.     (G.  T.  vol.  iv.  p.  196.) 

On  the  west  of  the  exterior  ridges  of  this  coal-field,  the  red 
marie  is  beautifully  displayed  at  Aust  cliff  on  the  Severn, 
where  it  contains  large  interstratified  masses  of  gypsum,  and  is 
also  traversed  by  veins  of  sulphate  of  strontian :  this  cliff  is 
capped  by  lias.     (C.) 

On  the  Welsh  side  of  the  Bristol  channel,  gypsum  occurs  in 
this  formation  in  the  cliffs  of  the  Glamorganshire  from  Pennarth 
to  Lavemock,  and  geodes  filled  with  crystals  of  sulphate  of 
strontian  occur  in  the  island  of  Barry  :  the  conglomerates  asso- 
ciated with  this  rock  prevail  near  Landaff  and  in  the  vale  of 
the  Ely.     (C.) 

In  the  south  of  Somersetshire  this  formation  is  seen  resting 
on  one  side  against  the  Mendip  hills,  and  on  the  other  against 
the  greywacke  chains  of  Quantock  and  Brandon  (being  covered 
by  lias  in  the  intermediate  tract) ;  gypsum  occurs  plentifully 
in  it  near  Somerton,  as  also  in  the  cliffs  of  Watchett,  which  are 
traversed  by  it  in  eyery  direction.  In  this  neighbourhood 
extensive  beds  of  conglomerate,  apparently  associated  with  this 
formation,  occur,  surrounding  the  hills  of  greywacke.  (C.) 
These  conglomerates  and  sandstones  assume  very  various  ap- 
pearances, but  under  every  form  of  aggregation  the  same  mate- 
rials may  be  traced.  Where  the  component  parts  are  large,  as 
iin  the  conglomerates,  the  nodules  consist  of  some  varieties  of 
the  Tockm  that  compose  the  greywacke  formation ;  in  many 
places  there  are  nodules  of  a  limestone  lery  similar  to  that  of 
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thetbeds  enclosed  in  the  greywacke^  and  which  therefore  aire 
considered  as  subordinate  to  that  formation.  The  conglomerate^ 
and  sandstones  are  found  in  all  the  intervening  Tallies,  and  the 
great  valley  on  the  western  side  of  the  Quantock  hills  is  wholly 
composed  of  them.  They'  are  not  however  confined  to  the  val- 
lies,  but  are  sometimes  found  on  the  sides  of  the  hills,  at  a 
very  considerable  elevation  ;  (G.  T.  vol.  iii.  p.  356)  and  even 
so  high  as  near  the  summit  of  the  Quantock  range,  where 
rounded  fragments  of  greywacke,  cemented  by  a  deep  red  clay, 
form  a  mass  of  extreme  hardness. 

By  this  description  of  these  deposites  it  appears  that  thoj 
have  both,  in  this  neighbourhood,  resulted  from  the  ruin  of  the 
greywacke  formation,  since  they  not  only  enclose  fragments  of 
it,  but  also  of  the  limestone  imbedded  in  it,  and  the  fragments 
are  sometimes  rounded.  In  some  places  the  quantity  of  cal- 
careous nodules  in  the  conglomerate  is  so  great  that  it  is  quarriield 
for  the  purpose  of  obtaining  lime  from  it,  as  near  the  village  of 
Alcombe,  at  the  foot  of  one  of  the  lateral  branches  of  Grabbist 
hill,  and  at  Torr,  Tor  Weston,  and  Vellow,  where  by  the  quar- 
riers  it  is  termed  Popple  (pebble  ?)  rock.  In  other  places,  it 
is  almost  entirely  siliceous.  In  another,  it  contained  the  green 
carbonate  and  sulphuret  of  copper.  The  sandstone,  at  least, 
may  be  considered  as  a  member  of  the  numerous  series  of  rocks 
constituting  what  is  commonly  called  the  red  marie,  sometimes 
the  red  rock.  Near  Timberscorabe  the  conglomerate  is  covered 
by  a  friable  and  marly  sandstone.  The  jich  vale  of  Taunton 
Dean  is  believed  to  consist  of  rocks  of  this  description.  (G.  T. 
vol.  iii.  p.  359.) 

From  the  vale  of  Taunton  in  the  south  of  Somersetshire,  the 
principal  mass  of  the  red  marie,  sandstone  and  conglomerate, 
(after  detaching  that  long  narrow  tongue  of  these  formations, 
which,  as  has  been  observed,  runs  in  between  the  chains  of 
Quantock  aiid  Exmoor,  and  adfances  westwards  among  the 
grauwacke  hills  almost  as  far  as  Porlock)  proceeds  south  into 
Devonshire,  its  line  of  junction  with  the  transition  chains 
ranging  a  little  west  of  the  river  Tone,  and  afterwards  nearly 
following  the  Exe  and  ranging  between  it  and  the  Culm  as  far 
as  Silverton  (about  five  miles  north  of  Exeter).  There  is, 
hbwever,  an  insulated  and  outlying  groupe  of  transition  hills 
'^within  this  tract,  surrounding  Collumpton  both  on  the  north 
and  south.  From  Silverton,  a  long  tongue  of  this  formation 
runs  in  westwards  among  the  transition  hills  along  the  vallej" 
of  Crediton,  whence  the  junction  trends  round  by  Upton  Pine 
and  Pinhoe  to  Exeter,  proceeding  thence  with  a  nearly  uniform 
southern  course  by'Ghudleigh  and  the  river  Teign  to  the  chan- 
nel at  the  south-west  angle  of  Tor  bay,,  where  it  ends;  that 
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portion  of.it  which  ranges  between  the  river  Teign  and  Torbay 
being  indeed  only  a  tongue  of  this  formation  lying  among  th^ 
transition  formations,  since  at  Babicombe  and  the  northern 
cape  of  Torbay,  insulated  groupes  of  transition  limestone  skirt 
it  on  the  east,  as  does  the  great  transition  district  on  the  west. 
Mr.  Greenough's  map  has  however  given  rather  too  great  an 
extension  to  these  eastern  groupes,  and  made  them  cut  off  the 
red  marie  of  the  middle  of  Torbay  from  the  liiain  tract  of  the 
formation,  with  which  we  have  however  been  assured  that  it  is 
continuous.     (C.) 

.The  formations  of  red  marie,  sandstone  and  conglomerate 
occasionally  associated  with  amygdaloidal  trap,  occupy  a  gredt 
part  of  East  Devon  between  the  line  of  junction  just  described 
and  the  overlying  platform  of  green-sand  which  crowns  the 
ridges  proceeding  from  Blackdown  hill,  and  forms  their  eastern 
boundary.  The  red  marie  has  also  a  corresponding  cap  of  over* 
lying  green-sand  along  Haldon  hill  on  the  west  of  Exeter, 
which  advances  within  two  miles  of  the  granitic  ranges  of 
Dartmoor,  so  that  some  of  the  most  ancient  and  modern  for* 
mations  are  here  brought  into  close  vicinity.  As  this  district 
has  been  more  folly  and  carefully  examined  than  any  other 
occupied  by  this  formation,  and  presents  more  important  and 
interesting  varieties  than  are  usually  to  be  found  in  it,  we  shall 
subjoing  the  following  particulars  collected  from  various  sources. 

Near  Honiton  in  Devonshire  is  a  red  sandstone  having  an 
argillo-ferruginous  cement ;  it  is  in  the  state  of  a  coarse-grained 
gravel  almost  entirely  disintegrated.  It  contains  rounded  peb* 
bles,  which  are  two  or  three  inches  in  diameter :  it  then  ap- 
proaches to  a  conglomerate  pudding*  stone,  but  near  Exeter  it 
assumes  the  character  of  an  arenaceous  sandstone,  and  becomes 
more  compact  and  uniform  in  its  texture  and  composition.  This 
conglomerate  is  in  nearly  horizontal  strata,  which  probably 
extend  eastward  below  the  chalk,  while  in  other  directions 
they  lie  upon  greywacke ;  as  for  instance,  on  a  hill  consisting 
of  that  rock,  north  of  Exeter,  and  overlooking  the  town,  and 
at  other  places  north  and  north-east  of  Exeter.  On  the  south 
and  south-west  of  that  place,  these  sandstones  and  conglo- 
merates form  the  surface  of  the  country  for  several  miles  to- 
wards Ivy  bridge,  near  nhich  also  is  found  slaty  and  compact 
greywacke.  It  is  however  clear  that  the  cliffs  at  Qudleigh 
Salterton  near  Teignmouth  in  Devonshire,  which  are  of  coh- 
siderable  height,  and  those  also  of  Teignmouth  itself,  though 
consisting  in  part  of  conglomerate,  belong,  to  the  red  marie 
or  newer  red  sandstone,   since  they  contain  gyp:sum,   which 
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forms  a  principal  characteristic  of  that  rock.     (G.  T.  vol.  i. 
p.  98  &  seq.) 

The  nature  of  the  conglomerate  belonging  to  this  formation 
around  Exeter,  is  best  seen  by  the  openings  or  quarries  in  its 
neighbourhood.  That  of  Heavitree  is  situated  about  a  mile  and 
a  half  from  Exeter  on  the  road  to  Honitoii.  It  is  worked  to 
the  extent  of  a  quarter  of  a  mile  in  length,  and  to  the  depth  of 
about  100  feet,  in  a  plane  intersecting  that  of  the  strata.  The 
rock  of  this  quarry,  is  a  conglomerate  evidently  stratified  ;  the 
strata  are  from  six  to  eight  feet  in  thickness,  and  dip  south-east 
at  an  angle  of  about  1 5  degrees.  As  long  as  this  rook  preserves 
the  character  of  conglomerate,  it  is  compact  and  tenacious; 
and,  according  to  the  workmen  employed  in  the  quarry,  it 
hardens  more  and  more  by  exposure  to  the  air.  But  as  soon  as 
the  nature  of  the  stratum  changes  to  an  arenaceous  sandstone, 
it  is  tender  and  friable.  It  is  very  common  to  see  blocks  of  it 
in  this  last  state,  and  sometimes  of  a  great  size,  included  in 
the  middle  of  the  conglomerate.  The  cement  of  this  rock  is 
arglHo-ferruginous ;  and  by  itself  does  not  effervesce  With 
acids,  as  it  is  easy  to  prove  by  making  use  of  pieces  of  the  pure 
sandstone  for  that  purpose ;  but  it  produces  so  brisk  an  effer- 
vescence from  the  intimate  mixture  of  calcareous  particles,  that 
it  might  be  very  easily  mistaken  for  limestone.  The  substances 
which  enter  into  the  composition  of  this  conglomerate  are  nu- 
merous ;  and  it  may  first  be  remarked,  that  these  pieces  are  of 
very  different  sizes  and  forms,  sometimes  rolled  and  rounded, 
sometimes  pointed  with  sharp  angles,  from  very  minute  grains 
to  the  size  of  several  inches  in  diameter.  There  are  found  in  it 
rhomboidal  crystals  of  calcareous  spar  and  crystals  of  felspar, 
most  frequently  of  an  opake  white  and  decomposed  ;  pieces  of 
chert ;  greywack^ ;  yellowish  limestone ;  rolled  masses  of  a 
species  of  porphyry  somewhat  resembling  the  antique,  the  base 
of  which  is  a  reddish  brown  colour,  not  effervescing  with  acids, 
and  containing  numerous,  small,  and  well  defined  crystals  of 
felspar  imbedded  in  it ;  pieces  of  a  rock  which  is  itself  com- 
pounded, having  the  appearance  of  a  porphyry,  the  base  earthy 
and  including  small  grains  of  quartz,  crystals  of  felspar,  and 
pieces  of  bluish  carbonate  of  lime ;  and  a  whitish  tender  stea- 
tite in  small  angular  fragments.     (G  .T.  vol.  1.) 

While  speaking  of  the  neighbourhood  of  Exeter,  we  ought, 
if  adhecing  closely  to  the  principle  of  pursuing  the  geographical 
course  of  these  formations,  to  notice  the  masses  of  amygdaloidal 
trap  which  occur  in  that  vicinity ;  but  wishing  to  reserve  the 
consideration  of  this  very  interesting  circumstance  for  the  close 
of  this  article,  we  proceed  at  once  to  the  coast,  a  mode  of 
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arrsuigement  which  will  enable  us  to  keep  together  the  cob- 
sideratioQ  of  the  conglomerates  of  this  district.     (C.) 

In  the  cliffs  about  half  way  between  Sidmouth  and  Seaton 
in  Devonshire,  the  red  marie  contains  gypsum,  very  much  re- 
sembling the  mineral  called  mountain  leather ;  nor  was  it  diffi- 
cult to  trace  on  the  spot,  the  gradual  transition  of  the  trans- 
parent crystalline  gypsum  into  this  amianthiforro  state.  (K.  106.) 
The  red  cliffs  of  fiudleigh  Salterton  near  Teignmouth,  which 
are  of  considerable  height,  and  those  also  of  Teignmouth  itself, 
consist  of  alternations  of  argillaceous  beds  of  sandstone  and  of 
breccia  (conglomerate)  and  the  red  strata  on  the  opposite  side, 
near  Powderham,  aie  alternately  soft  and  stony,  but  always 
intermixed  more  or  less  with  strata  of  breccia ;  and  they  are 
inclined  in  various  directions.     (K.  109.)  * 

*  The  Rev.  J.  J.  Conybeare  has  given  in  the  Annals  of  Philosophy  for 
April  1821,  a  fuller  description  of  the  range  of  strata  from  Dawlish  to 
Teignmouth;  as  it  contains  a  more  precise  examination  of  the  rolled 
masses  of  various  rocks  included  in  the  breccia  of  this  formation  than  any 
account  hitherto  published,  we  have  subjoined  it  nearly  entire. 

In  these  strata  the  rock  exhibits  itself  under  the  several  characters  of  a 
sandstone,  either  loosely  compacted,  or  altogether  pulverulent ;  a  marie, 
more  or  less  indurated :  and  a  breccia  composed  of  fragments  of  various 
sizes.  Near  to  Dawlish,  the  sandy  form  is  more  frequent,  towards  Teign- 
mouth the  breccia,  the  base  of  which  is  usually  marie,  of  an  unctuous  nnd 
argillaceous  character.  The  marie  has  frequently  those  patches  of  white 
and  purple,  which  have  been  often  noticed  as  characteristic.  The  mineral 
contents  of  the  rock  seem  to  be  few.  Calcareous  spar  occurs  in  small 
patches  a  little  south  of  Dawlish.  Gypsum  I  could  not  detect  either  here 
or  under  the  elevated  plains  of  Haldon.  On  Blackdown,  however,  I  have 
found  it  in  small  nodules.  A  sand  sufficiently  charged  with,  and  indurated 
by  iron,  to  be  termed  ironstone^  traverses  in  all  directions,  the  cliff  to  the 
north  of  Dawlish  (see  Deluc,  vol.  ii.  p.  85).  and  the  earthy  hro-wn  oxide  of 
manganese  is  found  in  numerous  and  small  cavities  nearly  through  the  whole 
range  of  the  coast.  In  one  instance  1  detected  a  small  portion  of  the 
black  oxide  of  cobalt,  precisely  resembling  that  found  at  Alderley  edge 
(Cheshire)  in  the  same  strata.*  But  the  most  remarkable  feature  in  the 
rock  appears  to  be  the  variety  of  substances  contained  in  its  brecciated 
form.  Deiuc  has  mentioned  two  only  of  these,  the  limestone  and  grey- 
wacke,  though  he  insinuates  that  there  are  others,  and  appears  (if  I 
rightly  understand  the  paragraph)  to  apprehend  that  of  these  the  lime- 
stone only  can  be  traced  to  any  neighbouring  rock,  an  opinion  which,  in 
its  full  extent,  seems  untenable.  The  following  catalogue  present?  a 
tolerably  faithftil  description  of  the  fragments  occurring  in  the  breccia 
of  Dawlish  and  Teignmouth,  with  the  addition  of  some  few  from  other 
quarters. 

Granitic  ana  Porphyritie  Rocks. — ^Thesfi  form  a  very  considerable  portion 
of  the  imbedded  fragments.    A  1 .  A  minute  aggregation  of  pale  reddish- 


*  I  am  indebted  to  the  I^ev.  the  Dean  of  Bristol  for  an  addition  to  this 
meagre  catalogue.  That  gentleman  has  had  the  kindness  to  forward  mc 
some  specimens  of  chalcedony,  which  he  discovered  in  this  rock  not  far 
fropfjt^  Torquay.  It  is  coarse,  and  appears  under  the  form  of  spherical 
nodules,  cither  hollow  or  investing  portions  of  the  marie  itself. 


Digitized  by 


Google 


294  Book  II.    Chap.  IV. 

Amifgdaloidal  trap  of  the  vidtiUy  of  Exeter*    Along  a  line 
of  from  five  miles  nortli  to  five  miles  south  of  Exeter,  many 

brown  crystalline  felspar,  quartz,  and  common  schorl.  A  2.  S^ime  with 
felspar,  somewhat  darker,  and  more  crystalline.  A  3.  Same  mixture,  with 
lighter-coloured  felspar,  and  the  schorl  distributed  in  small  contempora- 
neous veins,  as  well  as  intermixed  in  the  mass.  B.  Felspar  same  as  A 
nodules  of  quartz,  and  minute  portion^,  apparently  crystalline,  of  ehloritf 
Structure  semiporphyritic.  C  I.  Minute  aggregate  of  earthy  felspar,  of 
a  pale  dirty-red,  quartz,  and  chlorit.  C  2.  Same  with  the  felspar,  less 
etrthy,  and  of  a  deeper  red.  D.  Porphyritic  base,  of  a  purplish-white 
apparently  a  minute  aggregation  of  earthy  felspar  and  quartz,  imbedded 
quartz  in  small  nodules,  and  some  crystalhne  felspar  (semivitreous.)  D  2. 
The  &ame  with  the  quartz  so  much  predominant  in  its  base  as  to  give  it, 
at  first  sight,  the  aspect  of  a  sandstone,  or  greywacke.f  D3.  Same,  with 
imbedded  semivitreous  felspar,  and  common  felspar  in  various  stages  of 
decomposition  (from  the  bed  of  the  river  Exe).  D  4.  Base  more  felspathic, 
and  of  a  deeper  purple,  much  disintegrated,  with  the  exception  of  the 
semivitreous  felspar.  Many  cavities  filled  with  earthy  felspar.  Do-  Por- 
phyry, base  compact  felspar,  of  a  e^reyish-white,  having  imbedded  smaljl 
nodules  of  quartz,  and  penetrated  by  numerous  cavities,  apparently  left 
by  the  disintegration  of  crystals  of  felspar,  and  the  loss  of  the  powdery- 
matter  so  pcoduced.  (This  remarkable  character  I  have  observed  in  more 
than  one  porphyry  from  Cornwall.)  £.  Base,  a  minute  aggregation  of 
earthy  felspar,  quartz,  and  chlorit,  coloured  green  by  the  latter,  imbedded 
minute  crystals  of  flesh-coloured  felspar,  and  small  nodules  of  quartz. 
(Descent  of  Haldon  on  the  eastern  side.)  All  these  occur  in  various  stages 
of  disintegration.  Those  porphyries  approaching  the  nearest  in  colour  to 
ti^e  marie  which  surrounds  them  are,  when  far  advanced  in  this  state,  not 
readily  distinguishable  from  that  substance,  the  outline  of  the  original 
fragment  being  so  broken  down  and  lost,  that  it  appears  to  pass  insensibly 
into  the  imbedding  mass.  Hence,  perhaps,  some  geologists,  of  no  incon- 
siderable authority,  have  been  induced  to  suspect  that  these,  and,  by 
consequence,  the  other  fragments  imbedded  in  the  red  marie,  were  of  a 
formation  contemporaneous  with  itself.^  A  minute  and  accurate  inspection 
of  the  coast  between  Oawlish  and  Teigiimouth  must,  however,  I  think, 
convince  us  of  the  truth  of  the  commoner,  or  at  least  earlier,  optnioa 
which  regards  them  as  derived  from  the  breaking  up  of  the  inferior  strata. 
Other  fragments  imbedded  in  the  marie  arc  greywackiy  or  compact  tandtUtne, 
P  1.  Comhaii  greyivifiey  of  a  dirtv-white,  much  ironshot,  having  the  aspect 
of  a  sanclstone  with  a  very  small  intermixture  of  argillaceous  matter.  F.  2. 
Comfutct greywaeJuy  quartz  more  predominant,  and  closely  aggregated  iron- 
shot  throughout  of  a  reddish-grey.  F  3.  Same^  of  a  greyish-black,  with 
contemporaneous  veins  of  white  quartz.  G  1.  Blmek  comfuict  siliceous  rocky 
of  a  very  close  texture,  resembling  lydian  stone.  .G  2.  The  same  intersected 
in  all  directions  by  small  veins  of  ragged  quartz,  so  as  nearly  to  resemble 
a  breccia,  occasional  cavities  filled  with  brown  manganese  ochre.  H.  Small 
fragments,  apjjarently  of  the  reddish  vrey^ache  slater  provincially  termed 
shUlat.  This  list  might  be  increased  by  the  enumeration  of  some  more 
trifling  varieties  in  the  compact  greywacke.     Calcare  us  rock.    II.  Semi" 


+  It  is  distinguishable,  however,  by  its  fusing  readily  before  the  blowv 
pipe  into  a  vitreous  globule.  On  breaking  too  the  larger  masses,  the 
interior  is  found  to  be  somewhat  more  felspathic. 

\  See  Dr.  Kidd*8  Essay,  p.  109.  I  have  every  reason  to  believe  that  ia 
this  opinion  my  respected  fri'cnd  was  by  no  means  singular. 
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pbibts  occur  laivhich  masses  of  this  rock  are  found  interposed 
between  the  beds  of  this  sandstone.     As  these  points  nearly 

cryitatttM  limesfoHt^  of  a  dirty-white,  without  organic  remains,  (Near  the 
headland  termed  the  parson  and  clerk  )  12.  Dark  grey  limesUne^  without 
organic  remains,  near  Teignmouth.  13.  Satne^  full  of  coralloids.  bame 
spot. 

It  may  be  added,  that  insulated  fragments,  and  occasionally  crystals  of 
semivitreous  felspar  are  met  with  in  the  marly  beds.  A  pit  near  Exeter 
afforded  me  an  interesting  specimen  of  three  macles  united  in  a  single 
groupe.  Generally  this  variety  of  felspar  seems  to  have  resisted  the  action 
of  those  causes  which  have  produced  the  disintegration  of  its  parent 
rock. 

The  fragments  which  I  have  attempted  to  describe  are,  for  the  most 
part,  mixed  promiscuously  in  the  same  strata.  Occasionally  particular 
substances  predominate,  but  rarely,  or  never  (as  far  as  my  observation 
went)  to  the  total  exclusion  of  all  others.  The  porphyritic  and  quartzose 
fragments  have  usually  their  angles  but  slightly  rounded ;  in  some  cases, 
not  even  perceptibly  so.  The  calcareous  portions  have  generally  more 
the  appearance  of  being  worn  (as  would  from  their  softness  be  the  case) 
by  attrition.  These  facts,  added  to  the  consideration  that  the  porphyritic 
or  felspathic  portions  bear  no  resemblance  to  the  one  solid  rock  which 
appears  to  be  subordinate  to  this  formation  (namely,  the  amy^aloid  of 
Thorverton)  will,  perhaps,  be  sufficient  to  establish  the  mechanical  origin 
of  the  breccia  in  question.  We  shall  then  have  to  inquire  whence  its  con- 
tents might  be  derived. 

The  calcareous  fragments  bear  a  resemblance  sufficiently  close  to  the  lime- 
stones of  Chudleigh  and  Babicomb.  A  limestone  more  abundant  in  coral- 
loids is  found  yet  nearer  in  the  neighbourhood  of  Lindridge.  The  limestone 
also  of  Bickinffton,  near  Ashburton,  contains  many  of  these  fossils.  I'he 
fragments  of  me^eytvacie  class  may  readiiv  be  traced  to  the  rocks  of  that 
species  which  lie  in  most  places  immediately  beneath  the  marie,  and  with 
which  indeed  the  transition  limestones  of  the  country  are  interstratified. 
Of  the  granitic  and  ftorfihifritic  fragments,  those  marked  A,  1,  2,  3,  have  all 
the  characters  of  a  rock  frequently  occurring  on  the  confines  of  the  Dart- 
moor granite,  and  not  unfrequently  intermixed  either  as  veins  or  irregular 
masses,  both  with  that  rock  and  with  the  neighbouring  schistus.  It  will 
be  found  thus  distributed  a  little  beyond  Bovey  Tracey.  I  have  met  with 
aggregates  nearly  similar  at  the  junction  of  granite  and  schist  at  Ivy  Bridge, 
and  at  Buckland  in  the  Moor.  The  remaining  felspathic  fragments  I  have 
little  hesitation  in  referring  to  that  class  of  rocks  which  are  known  by  the 
name  of  Elvans,  and  found  in  numberless  instances  traversing  the  metal- 
liferous slate  of  Devon  and  Cornwall.  In  the  latter  country,  they  liave 
been  more  frequently  observed,  both  from  the  greater  extent  of  those 
sections  of  the  Killas  which  are  offi?red  by  its  coasts,  and  the  frequency 
and  magnitude  of  the  excavations  made  by  the  miner.  In  Devon  I  have 
noticed  them  near  Tavistock,  near  Buckland  Monachorum,  and  in  the 
course  as  the  West  Okement,  and  have  no  doubt  that  they  might  be 
detected  in  various  other  quarters,  especially  near  the  junctions  of  the 
granite  and  slate.  The  only  mstance  of  dissimilarity  which  I  have  observed 
is  the  occurence  in  some  cases  of  large  crystalline  masses  of  the  felspai:, 
which  I  have  termed  semivitreous,  and  stated  to  form  a  part  of  the  rocks 
marked  D  I,  2,  3,  4.  My  limited  collection  of  Elvans  does  not  affi)rd  any 
analogous  specimen,  but  when  we  remember  that  nearly  every  mine  in 
Cornwall  presents  one  or  more  varieties  of  this  rock,  and  how  endless  are 
the  minute  shades  of  difference  which  characterize  ^hem,  it  will,  I  think, 
be  allowed  that  there  is  nothing  improbable  in  the  supposition  that  the 
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follow  the  junction  of  the  red  sandstone  and  trandtion  district!^ 
the  trap  must  occur  towards  the  lower  part  of  the  sandstone 
series :  that  it  is,  however,  associated  with  the  sandstone,  and 
not,  as  might  have  been  supposed  from  this  circumstance,  Irkk 
the  transition  series,  is  said  to  be  distinctly  proved  by  clear 
instances  of  its  alternation  with  the  former.  The  points  along 
which  it  occurs  are,  proceeding  from  north  to  south,  1.  Near 
the  mouth  of  the  tongue  of  red  marie  which,  as  has  been 
observed,  penetrates  among  the  greywacke  chains  towards 
Crediton,  and  close  to  its  north  edge,  in  a  groupe  of  quarries 
lying  near  Killerton,  Silverton,  and  Thorverton.  2.  On  the 
south  edge  of  the  same  tongue  of  red  marie  at  Upton  Fyaey 
Poltimore  and  Poucham.  3.  A  little  north-east  of  Exeter,  and 
again  south-west  of  it  in  going  to  St.  Ides.  4.  Near  Dun- 
chidiock.     (C.) 

Dr.  Berger  gives  the  following  particulars  of  this  rock. 

At  Upton  Pyne,  a  village  five  miles  north  of  Exeter,  the 
same  conglomerate  as  that  found  at  Heavitree,  occurs  beneath 

whole  contents  of  this  breccia  have  been  furnished  by  the  inferior  rocks  Of 
its  immediate  neighbourhood,  by  those,  perhaps,  whose  edges  are  yet 
covered  by  it  at  a  depth  to  which  our  labours  and  investigations  have  but 
Isttle  chance  of  penetrating. 

You  will  scarcely  need  to  be  reminded  that  Mr.  Leonard  Horner  arrived 
at  a  like  conclusion  from  his  examination  of  the  rock  marie  and  adjacent 
strata  in  Somersetshire. §  It  struck  me  as  singular  that  among  the  fragments 
which  fell  under  my  inspection  I  observed  no  traces  of  hornblende  rock, 
or  greenstone,  although  the  latter  especially,  and  in  some  instances  small 
portions  of  the  former  are  to  be  found  on  the  borders  of  Dartmoor.  The 
clifl^  of  Henoch  present  so  large  and  striking  a  specimen  of  greenstone  as 
long  ago  to  have  attracted  notice,  and  the  town  of  Bovey  Tracey  stands 
on  a  ruck  of  the  same  nature. 

I  forbear  to  speculate  on  the  probability  that  the  whole  extent  of  the 
red  marie  was  produced  by  the  degradation  of  the  rocks  which  have  left 
their  fragments  still  imb^ded  in  its  mass.  The  total  absence  of  those 
organic  remains,  which  occur  so  abundantly  in  the  strata  immediately 
below  as  well  as  above,  and  the  general  want  of  consolidation  in  its  various 
and  heterogeneous  beds,  certainly  argue  that  its  formation  took  place  under 
different  circumstances,  and  by  a  different  process  from  that  of  the  sub- 
jacent slate  and  limestone.  Or  the  superincumbent  lias.  The  strata  at 
Dawlish  are  not  everywhere  of  uniform  thickness;  they  dip  at  an  anele 
hardly  exceeding  1 5**  to  south-east  by  south.  On  this  coast  they  are  usually 
capped  by  the  debris  of  the  green-sand  formation  which  covers  the  neigh' 
bouring  heights  of  Haldon.  At  Dawlish  these  debris  are  much  more 
plentiful  than  at  Teignmouth.  It  may  be  remarked,  that  while  they  cover 
so  large  a  space  towards  the  coast,  they  are  of  much  scarcer  occurrence 
on  the  plain  of  Bovey,  which  lies  under  the  opposite  declivity  of  Haldon. 
Some,  however,  apparently  water-worn,  are  foun4  on  that  tract.  I  can- 
not conclude  without  expressing  a  wisli  that  the  whole  extent  of  thn 
formation  were  carefully  examined  by  some,  abler  and  more  instructed 
observer.  «..«-.«-, 

§  See  Geological  Transactions,  vol.  iii. 
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a  red  ^giUaceous  sandstone  several  feet  in  thickness.  The 
congloanerate  lies  on  felspar  in  mass,  containiDg  a-  few  lamin» 
of  calcareous  spar  and  some  crystals  of  quartz,  forming  the 
roof  of  a  mine  of  black  oxide  of  manganese  which  is  worked  to 
open  day.  The  red  argillaceous  sandstone  occupies  the  surface 
of  the  country  from  Upton  Pyne  to  Thorverton,  where  there 
are  several  quarries,  all  of  which  are  described  as  being  in  a 
calcareous  amygdaloid^  varying  in  nature  considerably  in  dif-^ 
ferent  places.  In  some  parts,  the  nodules  are  small,  and  very 
closely  united  in  clusters  in  the  base,  forming  nearly  a  homo- 
geneous mass,  with  here  and  there  nodules  of  a  much  larger 
size  than  the  rest,  imbedded  in  it.  In  other  places  the  nodules 
are  about  the  bigness  of  a  pea,  all  of  the  same  size,  and  consist 
of  rhomboidal  sparry  laminae.  There  are  other  places  where 
the  base  of  the  amygdaloid  has  the  appearance  of  a  sandstone^ 
in  which  a  small  number  of  calcareous  nodules  are  imbedded, 
which  are  externally  coloured  green  by  the  steatite,  and  ex- 
actly resemble  those  entering  into  the  composition  of  some  of 
the  amygdaloids  of  Derbyshire,  and  of  the  Pentland  hills  near 
Edinburgh.     (G.  T.  vol.  i.  p.  99  &  seq.) 

The  Rev.  J.  J.  Conybeare  has  gi?en  the  following  more  pre^ 
cise  mineralogical  description.     (Annals,  Sept.  1821.) 

Its  general  aspect  is  that  of  a  granular  mass,  somewhat 
loosely  compacted,  of  a  purplish-brown  colour,  'more  or  less 
intense  (given  most  probably  by  the  oxide  of  manganese  in 
which  it  abounds.)  In  this  paste  are  imbedded,  or  rather 
intermixed ,  in  such  quantities  as  to  form  a  very  considerable 
part  of  the  whole  mass,  minute  portions  of  calcareous  spar, 
mica,  or  chlorite,  in  a  state  of  semi>disintegration,  and  indu- 
rated clay  (lithomarge  ?),  sometimes  tinged  by  copper,  and 
sometimes  by  manganese.  This  latter  substance,  as  well  as 
the  calc  spar,  frequently  traverses  the  rock  in  small  vehis. 
The  cells  of  the  amygdaloidal  portions  are  filled  or  lined  with* 
brown  oxide  of  manganese,  with  calc  spar  and  a  coarse  jasper. 
The  nodules  of  the  latter  are  not  remarkable  either  for  their 
size  or  beauty.  The  character  of  the  rock  is  so  obscured  by 
this  abundant  admixture  of  substances  apparently  adventitious, 
as  to  render  it  very  difficult  to  pronounce  with  any  certainty 
as  to  its  essentia]  constituents.  These  we  should,  I  apprehend, 
in  the  present  state  of  our  knowledge,  assume  to  be  granular, 
or  earthy  felspar,  and  one  or  more  of  the  following:  horn- 
blende, augite^  bronzite,  or  hyperstene,  probably  the  secoid 
of  these*  My  specimens  do  not  afford  distinct  indications  of 
any  of  them.  The  more  compact  portions  fuse  before  tho 
blowpipe,  sometimes  into  black  glass  more  or  less  slaggy, 
sometimes  into  a  dirty-white  enamel  more  or  less  mixed  with 
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black  patches.  The  criterion,  therefore,  proposed  by  Cordier, 
here  fails  us.*  A  portion  of  the  rock  broken  into  small  frag- 
mftnts,  and  exposed  for  an  hour  to  the  heat  of  a  Black's  fur^ 
nace,  gave  a  black  glass  much  resembling  that  produced  by 
various  forms  of  the  dolomite  under  the  same  circumstances. 

The  same  obscurity  which  is  attached  to  the  mineralogical 
character  of  this  rock  seems  to  extend  in  some  measure  to  its 
relations  with  the  conglomerate  in  which  it  occurs.  In  some 
places  it  covers,  and  in  others  is  covered  by  sandstone.  On  the 
road  from  Kilhirton  to  Silverton,  near  a  house  occupied  (in 
the  year  1812)  by  Mrs.  Brown,  we  saw  it  resting  on  the  large- 
grained  conglomerate ;  and  at.  one  of  the  Radden  quarries,  near 
Thorverton,  covered  by  a  sandstone  bed  of  from  three  to  ten 
feet  in  thickness.  Its  line  of  separation  from  the  sandstone  is 
sometimes  tolerably  distinct.  In  one  quarry  at  Thorverton,  a 
line  of  sandy  clay,  not  quite  a  foot  thick,  prevents  their  actual 
contact.  At  other  places,  especially  at  the  Radden  quarries, 
the  two  substances  appear  to  pass  so  insensibly  into  each  other 
as  to  induce  for  the  moment  a  conjecture  that  both  were  the 
result  of  a  common  deposition,  modified  in  its  characters  by  th« 
partial  intrusion  of  some  extraneous  matter.  This  phenomenon 
has  already  been  notied  by  Mr.  Greenough.  *'  What  mineralo« 
gist,"  he  asks,  ^'  can  draw  a  line  of  demarcation  between  the 
red  marie  and  the  toadstone  at  Heavitree."  (Essay,  p.  215.) 
Your  geological,  readers  have  probably  already  anticipated 
that  a  vulcanist  would  at  once  decide,  that  the  whole  of  the 
amygdaloidal  beds  was  a  series  of  whin^di/kes ;  while  others 
will  be  disposed  to  regard  them  as  concretions  or  depositions 
more  nearly  connected  and  contemporaneous  with  the  strata 
Vfhich  envelope  them.  The  difficulty  ^ would  probably  vanish 
before  a  more  accurate  investigation  of  their  character  and 
position,  which  I  beg  to  recommend  to  such  mineralogists  as 
may  travel  westward. 

It  may  be  added  that  at  the  Radden  quarries  we  noticed  the 
occasional  tendency  of  this  rock  to  split  into  basaltiform  balls ; 
and  in  one  spot  observed  it  traversed  by  nearly  horizontal  veins 
of  its  own  substance,  differing  slightly  from  the  mass  by  their 
greater  compactness,  and  the  largeness  of  the  nodules  which 
they  contained.  The  veins  of  extraneous  matter  were  mostly 
vertical,  or  at  a  very  high  angle. 

(e)  Height  of  Hills,  Sfc,  Although  the  great  central  plain 
of  red  marie  gives  rise  to  several  tributary  streams  of  the  Avon, 
flowing  towards  the  Bristol  Channel,  and  of  the  Trent  flowing 

*  I  am  acquainted  with  the  experiments  of  M*  Cordier  only  through  the 
notice  given  of  them  in  M*  Bouet*8  Geologie  de  TEcosse. 
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towards  the  German  Ocean,  yet  it  is  ascertained  by  the  level 
of  several  canals  traversing  this  district,  that  the  line  along 
^hich  the  waters  thus  divide  is  only  between  300  &  400  feet 
above  the  level  of  the  sea.  A  similar  separation  of  water- 
courses takes  place  in  the  Cheshire  and  Shropshire  plain,  be- 
tween the  Weaver  flowing  to  the  Irish  Channel,  tribataries  of 
the  Severn  and  tributaries  of  the  Trent ;  but  the  elevation  of 
this  line  is  yet  less  considerable,  being  only  between  200  &  300 
feet ;  the  high  ground  of  Ashley  heath,  situated  in  this  quarter, 
however,  rises  to  the  height  of  803  feet :  but  the  general  cha- 
racter of  the  districts  occupied  by  this  formation,  is  to  be  des- 
titute of  any  considerable  eminences.^  (C.) 

(/)  Thickness.  The  thickness  of  this  formation  appears  to 
be  very  variable.  In  Durham,  pits  have  been  sunk  in  it  in  the 
fruitless  search  for  coal,  to  the  depth  of  708  feet  without  pe- 
netrating below  the  beds  of  this  rock  ;  while,  on  the  other 
hand,  at  Pucklechurch  in  Gloucestershire,  shafts  have  been 
sunk  from  the  lias  beds  to  the  coal-measures,  and  passing  en- 
tirely through  this  formation,  which  was  thus  found  to  be  only 
153  feet  in  thickness. 

The  red  marie  between  Darlington  and  Yarm,  which  is  about 
10  miles  distant  from  it  a  little  on  the  south  of  east,  and  there- 
fore near  its  junction  with  the  magnesian  lime,  is  at  least  120 
fathoms  thick.    (G.  Map.) 

Near  Evesham  in  Worcestershire  the  red  marie  was  sunk 
through  600  feet  in  fruitless  search  for  coal.    (G.  Notes.) 
•    (g)     Inclination.    The  dip  of  the  beds  of  this  formation  is 
generaflly  very  triMing,  and  in  a  direction  conformable  to  that 
of  the  lias,  and  other  superior  strata.    (C.) 

(h)  Agricultural  character.  Throughout  its  range  we  find 
some  of  the  richest  land  in  England,  consisting  of  red  marie, 
which  is  every  where  most  fertile  for  wheat,  barley,  beans, 
peas,  and  is  equally  distinguished  for  the  goodness  of  its  cider. 
(T.  153.) 

Wheat  produced  in  Exminster  parish  in  Devonshire,  is  said 
to  be  thinner  hulled,  and  to  afford  a  larger  proportion  of  white 
flour  than  any  other,  and  sells  higher.  Polwhele  says  that  in 
that  district,  and  around  Collumpton  and  Bradnich,  it  produces 
strong  crops  of  corn,  but  ts  more  profitable  when  kept  in  grass 
for  bullocks.  The  trefoil  springs  up  every  where  spontaneously. 
Throughout  these  districts  are  hills  or  downs  on  which  sheep 
are  bred.     (G.  Notes.) 

It  is  a  remark  which  I  have  heard  from  several  experienced 
land-surveyors,  that  the  best  tracts  of  land  which  they  have 
any  where  met  with  in  the  course  of  their  practice,  have  been 
upon  this  stratum :  and  I  think  I  shall  not  be  mueh  wide  of 
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ihe  mark  in  saying,  that  the  best  land  which  I  saw  in  or  near 
Derbyshire,  was  on  the  red  marie  about  Barton  Bloont  and 
Ash,  RollestoQ  Park  in  Staffordshire,  &c.  In  general,  how- 
eTer,  the  Derbyshire  red  marie  is  inclined  to  be  too  tenacious 
and  cold,  and  in  some  parts  would  pay  amply  for  draining. 
Marling  was  Tery  extensively  practised  upon  it  at  a  former 
period,  as  the  large  ancient  pits  testify ;  but  at  present  it  is 
practised  in  very  few  places.     (Farey's  Derbyshire  Survey.) 

It  forms  a  good  manure  for  poorer  land.     (GL  Notes.) 

Most  of  the  Rye  grown  in  England  is  grown  on  the  more 
sandy  districts  of  the  sandstone  beds  of  this  stratum,  which  are 
not  strong  enough  to  bear  wheat.  (Rev.  W.  Buckland.  G« 
Notes.) 

According  to  Robinson,  the  soil  produced  by  the  out-crop 
of  the  sandstone  beds  is  very  sterile  and  barren^  producing  only 
fein,  heath,  bent,  and  a  lean  hungry  grass,  except  by  the  sides 
of  the  rivers  which  traverse  it,  or  where  its  nature  is  changed  by 
burning,  liming  and  manuring  it.  This  applies  probably  to  the 
sandstone,  as  distinguished  from  the  marly  beds  of  this  for- 
mation.    (G.  Notes.) 

(i)  Water.  It  is  necessary  to  sink  through  the  marles  of 
this  formation  into  its  sandstone  and  conglomerate  beds  to  pro- 
cure water.  There  are,  besides  the  salt  springs  which  charac- 
terize it,  many  mineral  springs  in  its  course,  which  contain 
besides  sea  salt  other  purging  salts,  such  are  Hartlepool  (Dur- 
ham), Thirsk  and  Croft,  and  Knaresborough  and  Rippou 
(Yorks),  Gainsborough  (Lincoln),  Moreton  (Shrops),  Orston 
and  Thoroton  (Nottingham),  Leamington  and  Newnham  Regis 
(Warwick),  Tewkesbury  (Gloucester),  &c. 


Section  II. 

NEWER  MAGNESIAN,  OR  CONGLOMERATE 
LIMESTONE. 

Synonyme.    First  Floetz  Limestone  of  Werner. 

Much  confusion  has  arisen  from  neglecting  to  distlnguiA 
between  the  magnesian  limestone  associated  with  the  rail 
marie,  and  the  older  rocks  of  similar  composition  associated 
with  the  mountain  limestone.  Since  the  geological  relations 
^d  geographical  position  of  these  rocks  are  altogether  different^ 
it  is  absolutely  necessary  to  treat  of  them  separately :  they  are 
likewise  distinguished  by  their  organic  remains,  and  by  the 
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frequent  otcurrenee  of  extensive  beds. of  calcaremis  conglo- 
merate coBDected  with  the  iiewer  inagnesian  iimestoae,  (C.)^ 

(a)  Chemical  and  external  Characters.  This  limestone 
contains  about  20  per  cent  of  magnesia,  and  prevails  consider«- 
ablj  in  finglaud. 

Analysis  by  Smitfason  Tennant,  Esq.  of  the  stone  of  York 
Minster. 

Carbonic  add 47.00 

Ldme  ••••••• 33 •  ^ 

Magnesia 19.36 

Iron  and  clay 0.40 

100. 
That  of  Westminster  had  contains  about  2  per  cent,  less  of 
magnesia.  That  of  Denton  near  the  Tees,  consists,  according 
to  the  analysis  of  the  Rev.  J.  Holme,  about  the  same  propor- 
tion of  the  hitter,  with  a  very  small  proportion  of  bitumen,  and 
less  than  1  per  cent,  of  water.     (G.  Notes.) 

A  magnesian  lime  from  Eldon,  analysed  by  Sir  H«  Davy, 
yielded  Carbonate  of  lime  52,  Carbonate  of  magnesia  45.2, 
Iron  1.1,  Residuum  1.7.  Another  from  Denton,  not  far  from 
the  Tees  in  Durham,  analysed  by  the  Rev.  J.  Holme,  yielded 
11  per  cent,  more  carbonate  of  lime,  and  11  per  cent,  less  of 
carbonate  of  magnesia.    (G.  T.  toI.  4.  p.  7.) 

It  differs  from  common  limestone  in  external  character,  in 
having  generally  a  granular  sandy  structure,  a  glimmering 
lustre,  and  a  yellow  colour;  and  in  the  course  of  the  range 
from  Nottingham  northwards,  its  surface  in  many  places  is 
covered  by  a  poor  herbage,  uncommon  to  limestone,  and 
attributable  to  the  magnesia  it  contains,  which  is  known  to  be 
unfavourable  to  vegetation.  It  is  associated  with  a  conglomerate 
limestone.  This  conglomerate  often  exhibits  very  distinct  frag- 
ments of  the  oldest  mountain  limestone,  passing  gradually  from 
an  aggregate  compound  of  very  large  pebbles  of  this  rock,  to 
one  in  which  the  grains  are  so  small  as  scarcely  to  be  dis- 
tmguishable. 

In  a  quarry  at  Hartlepool  on  the  coast  of  Northumberland, 
is  a  stratum  of  hard  white  oolite,  the  grains  composing  it  being 
about  the  size  of  a  mustard  seed. 

*  Though  the  quantity  of  magnetia  contained  has  been  considered  as  in 
tooie  degree  cbaiacterising  this  formation,  yet  it  is  a  character  which, 
taken  singly,  cannot  be  relied  upon,  since  magnesia  in  considerable  quat»- 
tity  has  likewise  been  found  in  some  of  the  chalk  of  France,  in  some  of  our 
own  oolites,  in  the  mountain  or  carboniferous  limestone,  in  that  associated 
with  transition  rocks,  and,  as  need  not  be  stated,  in  primitive  dolomite : 
w€  have  not  hoifcvirr  venture4  .to  change  a  n«ine  generally  received.  (C./) 
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This  limestone  often  fonns  in  large  concretional  ai^  botiy^r 
oidal  masses ;  the  concretions  are  often  as  large  as  a  cannoM 
ball^  aii(jl  sometimes  grouped  together  like  chain  shot.  These 
concretions  are  dispersed  through  an  arenaceous  form  of  similar 
materials. 

Mr*  Smith  in  his  geological  map  of  Yorkshire  subdivides  the 
magnesian  limestone,  or,  as  he  calls  it,  red -land  limestone,  thus: 

1.  A  hard  bluish  white  thin  bedded  stone  which  at 

Kinnersley,  Knottingly  and  Brotherston,  makes  the 
lime  celebrated  for  agricultural  purposes. 

2.  Red  and  blue  clay  and  gjpsttm* 

3.  A  soft  yellowish  calcareous  freestone  or  magnesian 

limestone. 

These  beds  are  separated  from  the  superior  red  marie,  by 
a  thick  conglomerate. 

Mr.  Buckland  has  obsenred  in  .Yorkshire  beds  closely  resem- 
bling the  Rauchwacke  or  cellular  limestone  of  the  continent, 
associated  with  magnesian  limestone.  See  farther  parliculars 
in  the  local  account. 

The  following  more  detailed  particulars  relating  to  the 
external  characters  and  oeconomical  application  of  the  beds 
constituting  this,  formation,  together  with  their  disposition  and 
order  in  which  they  occur,  are  extracted  from  notes  kindly 
lent  to  the  Editor  by  Mr.  Greenough. 

Its  general  colour  is  buff,  but  it  also  occurs  white,  of  various 
shades  of  yellow,  also  of  fawn  and  salmon  colour ;  occasionally 
of  a  brown  or  reddish  hue,  which  prevails  chiefly  near  the 
partings  (Farey)  where  it  is  often  dendritic. 

Its  texture  is  frequently  arenaceous,  but  i»  sometimes  com* 
posed  of  minute  rhombic  crystals,  and  is  occasionally  oolitic, 
(Mr.  Wynch.)  It  is  often  carious,  the  cavities  being  some- 
times lined  with  calcareous  spar.  Between  Shields  and 
Hartlepool  it  is  ciystalline  and  cellular,  from  which  cause 
it  resists  the  stroke  of  the  hammer :  it  is  slaty  at  Baldon  hill, 
Marsdon  Rocks,  &c.  near  Newcastle. 

The  limestone  of  Sunderland  is  flexible,  near  Ravenstone, 
it  contains  beds  as  compact  as  the  Portland,  and  of  the  same 
colour. 

At  Ferrybridge  in  Yorkshire  it  is  fetid ;  its  odour  does  not 
however  arise  from  the  presence  of  bitumen,  but  according  to 
Mr.  Aikiu  from  sulphuretted  hydrogen. 

Large  masses  of  it  are  detached  by  the  agency  of  fire.  In 
this  process  that  portion  of  the  stone  which  is  impregnated 
with  iron  becomes  brick-red.  Considerable  quantities  of  fuel 
are  required  to  burn  it  into  lime,  and  it  is  apt  occasionally  to 
vitrify.    Near  Sunderland,  the  brown  is  generally  quarried^ 
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it  partakes  of  the  nature  of  swinestone,  and  fFom  cbntaininf 
some  inflammable  substance,  requires  only  a  small  quantity  <>f ' 
coal  to  reduce  it  into  lime.  That  worked  at  Denton,  waS' 
ibund  by  Mr.  Holme  to  be  bituminous. 

It  dissolves  slowly  and  leaves  a  milky  appearance  in  the 
li^id. 

The  lime  from  the  stone  of  Leigh  and  Ardwick  has  the 
property  of  setting  under  water,  and  was  used  for  the  tarras 
cistem  of  the  late  Drury  Lane  Theatre. 

(Uses.)  It  is  employed  as  a  building  stone,  and  has  a- 
pleasing  tint :  at  Brosidworth  it  is  worked  into  cisterns,  and  at 
Langwith  in  Derbyshire  into  flooring  and  stair-cases.  It  is 
rarely  uniform  enough  in  its  grain,  or  of  sufficient  hardness  to 
deserve  the  name  of  marble,  but  slabs  of  it  are  polished  at 
Knaresborough,  Sunderland,  &c.  It  does  not  burn  to  a  white 
lime,  but  furnishes  a  strong  mortar ;  that  of  Leigh  is  celebrated 
as  a  cement,  and  is  said  to  be  used,  when  mixed  with  bullocks 
blood,  as  a  cement  for  mending  boilers  worn  by  use.  It  is  sai4 
that  if  a  damp  room  be  white-washed  with  it,  the  dampness 
will  be  cured.  At  J^'errybridge,  Mansfield,  &c.  it  is  burnt  for 
manure,  hut  is  generally  considered  to  be  injurious  to  the  land, 
unless  used  in  very  moderate  quantities,  in  which  case  it  is 
esteemed  to  be  highly  beneficial. 

At  Patlion  near  Sunderland,  beds  of  a  dirty  light  brown 
colour  are  quarried  and  sold  as  marbles ;  they  take  a  tolerably 
good  polish. 

i>ver  the  magnesian  limestone  is  a  hard  stone  abounding  in 
tfaells  which  are  very  imperfect :  it  is  red  on  the  surface,  blue 
internally.  There  is  a  large  quarry  of  it  on  the  road  to  Pleasley 
close  to  the  turnpike  about  two  miles  and  a  half  from  Bolsover 
In  Derbyshire. 

In  Yorkshire,  as  we  have  already  observed,  it  occurs  in  two 
beds  separated  by  variegated  marie  containing  gypsum. 

Near  Nottingham,  its  upper  beds  are  separated  by  partings 
of  red  and  verdigris  coloured  clay,  and  it  contains  quartz 
pebbles. 

At  Bolsover,  the  beds  are  separated  by  pipe-clay,  which  is 
used  in  the  arts. 

The  lowest  beds  are  blue  limestime  containing  galena  and 
yielding  excellent  lime,  and  are  quarried  at  Bolsover,  Excroft, 
fiarlborough,  Paiterton  and  Houghton. 

Towards  the  bottom  of  this  series  several  beds  of  compact 
blue  limestone  occur  imbedded  in  blue  clay  and  abounding  in 
anomia  and  other  shells,  have  long  been  known  at  Stoney 
Houghton  near  Pleasley,  at  Paiterton,  &c« 
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At  Whitley,  near  AUercoats  in  Northumberland,  th6  lower 
beds  alternate  with  shale  or  slate  clay.  One  part  of  the  bed 
rests  upon  this  substance^  another  upon  one  of  the  sandstones 
of  the  coal  series ;  it  is  again  seen  covering  sandstone  on  the 
side  of  the  river  under  Knaresborough  Castle. 

The  conglomerate  form  of  this  limestone  is  very  cayemous.' 
Wokey  hole  in  Somersetshire,  which  yields  only  to  the  caverns 
of  the  Derbyshire  peak  in  extent,  is  entirely  situated  in  it.* 

(b)  Mineral  Contents.  In  the  conglomerate  beds  associated 
with  this  formation,  calamine,  blende,  and  some  galena  have 
occasionally  been  found,  particularly  near  the  Mendip  hills ; 
but  it  seems  probable  that  these  minerals  may  in  some  in- 
stances have  been  derived  from  the  detritus  of  the  older 
metalliferous  strata  of  the  carboniferous  or  mountain  limestone 
of  that  neighbourhood.  Many  of  the  principal  mines  of  that 
distinct  are  however  entirely  seated  in  this  rock. 

Galena  is  also  mentioned  as  occurring  in  strings  in  the 
roagnesian  limestone  of  Nottingham  and  Durham. 

Nodules  of  haematites  iron>-ore,  used  for  bumishing,  are 
imbedded  in  and  (band  scattered  over  the  surface  of  the  under 
beds.  At  Bolsover  it  contains  pyrites.  (White  Watson, 
G.  Notes.) 

*  A  very  singular  formation  of  shelly  chert  occurs  restiai;  upon,  and 
perhaps  associated  with,  the  calcareo-magnesian  breccias  covering  the  side 
and  even  top  of  the  Mendip  hills,  in  the  parishes  of  East  and  West  Harp- 
tree  :  the  most  abundant  shells  are  a  Modiola,  a  variety  of  Ostrea  gre^rarea, 
a-  peculiar  Pecten  or  Lima,  and  a^  longitudinally  striated  Telliniform 
bivalve;  a  Plagiostoma  and  Ammonite  also  occur;  but  the' whole  series 
are  found  as  casts  only,  and  frequently  very  obscure.  The  chert  contains 
sulphate  of  barytes,  often  in  great  quantity,  and  sometimes  assumes  a  con- 
glomerate form,  including  fragments  of  the  limestone  and  old  red  sand- 
stone of  the  adjacent  hills;  it  more  rarely  passes,  by  the  intermixture  of 
calcareous  matter,  into  a  siliceous  limestone ;  it  is  associated  with  beds  of 
ochreous  sand. 

From  its  first  appearance  it  might  be  supposed  to  be  an  insulated  and 
outlying  mass  of  chert  belon^ng  to  the  green  sand  formation,  but  a  com- 
parison of  the  organic  remams  does  not  confirm  this  suspicion,  and  there 
IS  no  other  deposit  of  ihat  formation  nearer  than  fifteen  miles.  Not  far 
from  this  vicinity  also,  a  very  similar  chert  (excepting  that  shells  have  not 
yet  been  discovered  in  it)  is  found  near  the  Pitcot  collieries  (in  the  parish 
of  Stratton  on  the  fosse)  interposed  between  the  magnesian  conglomerate 
and  the  incumbent  red  marie ;  and  it  is  very  probable  that  a  more  careful 
examination  mav  detect  the  shells  here  also,  since  in  the  places  where  they 
certainly  exist  they  are  often  very  obscure.  Were  our  knowledge  of  the 
organic,  remains  of  the  magnesian  limestone  more  perfect  and  full,  we 
should  be  better  able  to  determine  the  probable  relations  of  this  chert  to 
it  5  but  upon  the  whole  the  evidence  seems  in  favour  of  its  connection  with 
it,  stltliou^h  wje  have  not  felt  sufficiently  confident  to  introduce  it  q4(V* 
wise  than  in  a  note. 

The  Druidical  circles  at  Stanton  Drew  are  built  of  this  ohert.    (C.) 
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It  codtaios  vieins'  of  stilphate  of  barytes  at  the  Haddleston 
qnany,  near  Sherbaro,  between  Ferrybridge  and  York.  (G. 
Notes.) 

'  It  is  traversed  by  Teins  of  sulphate  of  bar3rte8,  near  Notting>- 
faam,  at  Bramham  Meor,  between  Aberfordand  Wetherby,  and 
between  Ferrybridge  and  York  in  Yorkshire.     (G.  Notes.) 

It  encloses  arragonite  n^r  Whitehaven.     (G.  Map.) 

(c)  Organic  Remains.  These  are  rarely  met  with  in  this 
limestone.  The  most  remarkable  one  was  found  in  a  quarry 
at  Low  Pallion  in  Durham.  It  is  the  impression  of  a  fish 
which  appears  to  belong  to  the  genus  Chaetodon  (G.  T.  V.  4y 
Plate  2.)  .  In  length  it  is  about  8^  inches  and  4\  in  breadth. 
The  dorsal  in  reaches  from  the  middle  of  the  back  to  the  tail. 
Li  Humbleton  quarry,  situated  one  mile  from  Bishop  Wear- 
mouth  on  the  road  to  Durham,  were  found  the  following 
remains,  imbedded  in  hard  buff-coloured  crystalline  limestone, 
viz.  Casts  of  the  internal  part  of  the  vertebral  column  of  the 
"cap  encrinite.  (See  Parkinson,  t.  ^,  tab.  10,  fig.  4.)  A 
species  of  Donax  with  hair-like  spines.  Casts  of  reticulated 
alcyonite.  (Parkinson,  y.  2,  tab.  10.  fig.  1,  9,  3.)  Smooth- 
shelled  bivalves,  from  the  size  of  a  pea  to  that  of  the  cockle, 
resembling  those  of  the  genus  donax.  Small  round  bodies, 
delineated  by  Parkinson,  vol.  2,  tab.  8.  fig.  10.  Casts  of 
bivalves  resembling  muscles.  Casts  of  Arcae  and  Anomis 
{Sowerby,  Brit*  Min.  tab.  55.)  Impressions  of  a  reticulated 
marine  production  resembling  the  genus  Flustra.  (p.  T.  V.  4. 
p.  10.)  These  organic  remains  may  serve  to  distinguish  this 
from  the  older  formations.     (G.  T.  vol.  iv.  p.  IS.) 

The  lower  beds  at  Whitley  near  Allercoats  in  Northomber* 
land  contain  bivalves  and  entrochi*    (G*  Notes.) 

(d)  Range  and  extent.  The  principal  range  of  hills  consisting 
of  it,  extends  from  Sunderland  on  the  north-east  coast,  to 
Nottingham,  This  range  is  not  very  elevated ;  near  its  northern 
and  southern  terminations  it  attains  the  height  of  about  six 
hundred  feet  above  the  sea,  but  the  middle  part  is  not  so  high, 
and  the  hills  of  iifhich  the  chain  is  constituted  are  round 
topped.  Magnesian  limestone,  exactly  at  the  northern  extre- 
mity of  its  western  boundary,  overlies  the  coal  strata  in  the 
cliiFs  at  Cnllercoats  in  Northumberland,  (G.  T.  vol.  iv.  p.  3.) 
It  overlies  the  ninety  fathom  dyke,  which  appears  between  the 
strata  of  coal  in  a  nearly  vertical  position  ;  and  it  is  concluded 
that  the  magnesian  limestone  is  of  a  newer  formation  than  the 
coal  and  the  dyke^  since  the  dyke  has  traversed  the  coal,  but 
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has  not  affected  the  limestone.*  This  rock,  along  the  coast  of 
.Durham,  is  covered  by  a  species  of  breccia,  the  cement  of 
which  is  a  marle-like  substance  consisting  chiefly  of  magnesian 
■carbonate  of  lime ;  and  with  this  breccia  the  wide  chasms  or 
Interruptions  in  the  cliif  are  filled.  The  upper  strata  of  die 
limestone  are  thin  and  slaty,  and  inclining  to  a  buff-colour« 
Below,  the  strati ficatiou  is  less  distinct,  and  the  colour  is  hair 
brown,  the  texture  crystalline  and  cellular :  a  variety  that  is 
flexible  has  lately  been  found.  '  It  partakes  of  the  nature  of 
swinestone ;  and  from  containing  some  inflammable  matter,  it 
requires  only  a  small  quantity  of  coal  to  reduce  it  to  linM. 
(G.  T.  vol.  iv.  p.  6.) 

It  is  well  ascertained  that  the  magnesian  limestone  of  Durham 
.and  Northumberland  rests  upon  the  coaUmeasures ;  for  at 
Pallion,  a  little  to  the  west  of  Sunderland,  and  but  a  short 
distance  from  the  western  limit  of  the  magnesian  limestone, 
it  was  only  12  fathoms  thick,  and  was  found  to  overlie  the  coal 
strata,  which  were  bored  through  to  the  depth  of  140  fathoms^ 
without  finding  a  seam  of  coal  worth  working.  .  No  coal-mine 
has  yet  been  won  by  sinking  a  shaft  through  the  limest<Mie, 
although  the  workings  of  some  collieries,  situated  on  its  western 
boundary,  have  been  carried  underneath  it. .  At  Hart,  near 
Hartlepool,  which  is  almost  the  southern  extremity  of  the 
limestone  on  that  coast,  it  was  bored  to  the  depth  of  52  fathoms^ 
without  penetrating  through  it.     (G.  T.  vol.  iv.  p.  8.) 

The  dip  of  the  coal  strata  south  of.  Newcastle  is  not  la 
conformity  with  that  of  the  magnesian  limestone.  It  is  a 
circumstance,  however,  too  well  ascertained  to  admit  of.  it 
doubt,  though  difficult  to  be  accounted  for,  that  the  coal  Is 
.deteriorated  in  quality  where  it  is  covered  by  the  limestone. 
(G.  T.  vol.  iv.  p.  9,)  ^tryoidal  massess  of  fetid  limestone 
devoid  of  magnesia,  in  balls  varying  from  the  size  of  a  pea  to 
-two  feet  in  diameter,  imbedded  in  a  soft,  marly,  magnesian 
limestone,  are  found  at  Hartlepool,  in  a  quarry  at  Building  hill 
near  Sunderland,  and  on  the  sea  coast  a  mile  or  two  north  of 

*  The  subjomed  sketch  of  the  position  of  the  magnesian  lime-coal  mea» 
fures,  and  dyke  is  copied  from  that  given  in  the  vplunie  of  the  Geologies^ 
Transaction^  above  referred  to. 

Magnesian  limestone. 
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Measures. 
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Monk  Wearmouih.  Thes^  balls  are  radiated  from  the  centre, 
their  colour  hair-brown,  fracture  shining,  cross  fracture  splen- 
dent approaching  to  vitreous ;  white  calcareous  spar  is  often 
observed  in  them.  The  magnesian  limestone  of  this  district 
contains  few  organic  remains.  A  representation  of  a  €sh  found 
in  it  is  given  in  the  4th  volume  of  the  Geological  Transactions. 
It  contains  but  few  shells.     (G.  T.  voL  iv.  p.  10.) 

The  beds  constituting  this  range,  are  described  as  being 
about  three  hundred  feet  in  thickness,  on  the  east  of  the  coal- 
£eLd  in  Derbyshire^  which  is  near  its  southern  extremity. 
Their  general  colour  is  yellow,  which  is  often  as  bright  as 
gamboge,  with  almost  all  intermediate  shades,  to  a  very  light 
Str^w,  and  white.  Many  of  the  beds  have  a  granular  texture, 
and  a  brown  or  reddish  hue,  particularly  near  their  joints. 
Those  beds  in  which  the  magnesian  earth  abounds  most, 
generally  pass  for  a  grit-stone.  A  considerable  number  of  the 
n|^>er  beds  are  incapable  of  calcination.     (F.) 

The  coal-beds  of  the  Derbyshire  field  extend  beneath  the 
magnesian  limestone,  and  have  been  worked  under  it  ^ 
Bilborough  and  Nuthall,  which  are  situated  on  it,  a  few  miles 
nojrth-west  of  Nottingham;  (F.  166.)  and  all  the  coal  strata 
on  the  east  of  the  great  zig-gag/au/^,  from  Trowel  in  Notting- 
hlimshire,  to  the  north  of  Aston  in  Yorkshire,  have  an  easy  dip 
to  the  east,  similar  to  that  of  the  magnesian  limestone,  (F.168,) 
and  being  worked  in  several  places  beneath  that  limestone, 
prob^ly  pass  beneath  it  with  the  same  gentle  dip. 

The  existence  of  the  newer  magnesian  limestone  does  not 
yet  appear  to  have  b^en  ascertained  within  the  limits  of  the 
central  plain  of  red  marie ;  for  the  limestone  rocks  on  the 
borders  of  the  Ashby  de  la  Zouch  coal-field,  which  have  by 
some,  writers  been  referred  to  this  formation,  are  determined 
by  their  organic  remains  and  geological  position,  to  belong  to 
the  carboniferous  or  mountain  limestone  underlying  the  coal, 
and  those  of  the  Dudley  coal-field  appear  of  still  earlier  origin, 
and  referable  to  the  transition  series.     (C.) 

The  limestone  described  by  Mr.  Bakewell  as  overlying  the 
eo^  at  Bradford  near  Manchester,  is  probably  the  younger 
magnesian  limestone,  as  also  some  other  similar  patches  on  the 
south  of  the  coal-field  between  Manchester  and  Preston;  for 
the  localities  of  which  see  Smith.     (C.) 

In  the  Shropshire  plain  however  conglomerates  of  this 
formation  are  said  to  occur  at  Caerdeston  and  Loton,  and  some 
other  places.     (C.) 

On  the  western  side  of  the  Cumberland  mountains,  magnesian 
limestone  occurs  overlying  the  coal-measures  near  Whitehaven; 
and  as  connected  with  the  red  marie  deposits  of  the  vale  of 
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Carlisle,  it  may  be  mentioned  that  beds  of  €onglomeraj(e 
liipestone  are  found  in  that  quarter  oyerlying  the  coal  on  iht 
south  of  Dumfrieshire* 

Id  the  south-western  counties,  especially  in  Somersetshife, 
conglomerates  are  not  uncommon  towards  the  lower  parts  tft 
the  red  marie  series ;  the  shaft  sunk  at  Bath  Easton,  (see  p.  261) 
in  search  of  coal,  passed  a  bed  6f  this  description  ;  near  Wick 
Rocks,  on  the  south  of  the  defile^  they  occur  in  horizontal 
strata,  reposing  against  the  elevated  beds  of  the  coal-measures 
and  mountain  limestone,  on  the  eastern  side  of  the  Somerset 
and  Gloucester  basin ;  they  form  hangings  on  its  exterior  chuns 
of  mountain  lime  and  old  red  sandstone  along  its  northern 
beds  near  Tortworth  (Gloucestershire) ;  and  at  its  western  side, 
neat*  Redland,  similar  beds  occur ;  beyond  the  elevated  ridg^ 
forming  the  western  border  of  this  basin,  the  calcareo-magnesian 
conglomerates  are  seen  stretching  from  Hung  road  on  the 
Avon  to  Portishead  point,  and  on  the  north  side  of  the  Avon, 
running  up  the  valley  below  King's  Weston  hill,  extending  to 
the  east  as  far  as  Sneed  park.     (C.) 

The  whole  of  the  calcareous  chain  of  Leigh  Down,  extending 
on  the  south  of  the  Avon,  is  also  surrounded  by  these  conglo« 
merates,  as  is  also  Broadfield  Down ;  which,  being  interposed 
between  Leigh  Down  and  the  Mendips,  completes  the  south- 
west  angle  of  the  line  of  mountain  or  carboniferous  limestone 
bounding  the  coal-field.     (C.) 

The  Mendip  hills  on  the  south  of  this  coal.^eld,  are  invested 
in  like  manner  by  the  same  conglomerate,  which  occurs  near 
Wokey  hole,  on  the  south  of  Cheddar  Cliffs,  and  in  the  valley 
of  Roborough,  as  also  all  along  the  northern  skirts  of  the 
chain,  in  beds  abutting  against  or  covering  the  elevated  strata  of 
mountain  or  carboniferous-  lime,  &c.  and  frequently  crowning 
even  the  very  summits  of  the  hills.     (C.) 

In  Glamorganshire,  this  conglomerate  is  seen  in  a  similar 
position^  alternating  with  and  passing  into  compact  beds  of 
magnesian  limestone  throughout  the  parish  of  Sully,  near 
Cowbridge,  and  in  several  points  along  the  valley  of  the  river 
Ely:  considerable  deposits  of  it  also  occur,  intruding  within 
the  limits  of  the  coal-basin,  betweep  Bridge-end  and  Lantris- 
sent,  and  in  this  district  the  coal  is  worked  beneath  a  con« 
glomerate  of  this  formation  at  Torygelly  colliery  near  Lan* 
harran.     (C.) 

There  can  be  little  doubt  but  that  traces  of  th^sc  beds  will 
be  found  among  the  conglomerate  rocks  before  described  in 
the  south  of  Somerset  and  Devon :  tins  is  cer-tainly  the  case  at 
Saurpford  Peveril  in  the  latter  country.    (C.) 
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(e)  Height^  Sfc.  According  to  Mr.  Winch,  Brandon  Monnt^ 
which  rises  875  feet  above  the  sea,  is  in  this  formation;  U 
Hiore  generally  constitutes  only  low  hills.     (C.) 

(f)  Thickness,  The  thickness  of  these  beds  appears  to  bd 
▼cry  variable.  In  Glamorganshire,  they  may  be  seen  varying 
from  thirty  feet  to  as  many  inches  in  nearly  contiguous  cUifs^ 
In  Derbyshire  they  are  said  to  be  about  three  hundred  feet.  (C) 

is)  '^^^  inclination  of  these  beds  is  trifiing,  and  conformable 
to  that  of  the  superior  strata.     (C.) 

The  stratification  of  this  rock  is  very  distinct,  the  individual 
courses  of  stone  not  generally  exceeding  the  thickness  of  a 
common  brick.  According  to  Mr.  Winch  it  varies  from  three 
or  four  inches  to  as  many  feet,  along  the  coast  of  Durham  from 
Shields  to  Hartlepool ;  the  uppermost  beds  are  thin,  but  lower 
down  the  stratification  becomes  more  distinct.     (G.  Notes.) 

Near  Mansfield  in  Nottinghamshire,  the  beds  are  arched 
and  contorted,  but  four  and  a  half  miles  froih  that  place  they 
are  so  horizontal  as  to  serve  for  a  foot  way.     (G.  Notes.) 

{h)  Agricultural  Character.  The  soil  made  by  the  yellow 
limestone  strata,  is  generally  of  a  medium  quality  and  degree' 
of  tenacity ;  it  is  much  improved,  either  by  the  peak  lime, 
Inhere  the  canals  admit  of  its  being  applied,  or  by  the  lime 
from  the  blue  beds  near  the  bottom  of  this  series.  It  ^eems 
best  adapted  for  arable  land,  on  account  of  its  proneness  to 
ihar-grass,  pry-grass,  or  spiked  fescue  (festuca  pinnata)^  a  light 
green  sharp  grass,  which  scarcely  any  thing  will  eat,  which 
S^oon  prevails  when  the  yellow  limestone  lands  are  laid  down 
io  grass.     (F.) 

It  crumbles  into  a  dust,  which  after  rain  becomes  slippery 
and  tenacious,  but  in  general  it  affords  no  considerable  thick- 
ness of  soil,  which  is  of  a  chocolate  brown  colour.  The 
luxuriance  of  the  bromus  pinnatus  (spiked  heath  brome  grass) 
is  characteristic  of  the  soil,  and  the  sweet  scented  violet  is 
viery  plentiful.  Yellow  rose  trees  with  single  and  double 
flowers  grow  luxuriantly  in  this  soil,  as  at  Shire  Oaks  near 
Whitwell  in  Derbyshire.  In  some  situations,  as  at  Hardwicke, 
h  is  favorable  to  the  growth  of  oak ;  in  others  as  at  Pleasley  it 
fonrishes  a  few  years  and  then  ceases;  the  elm  grows  well, 
but  the  broad-leaved  is  subject  to  crack :  the  walnut  grows  to 
a  large  size.     (White  Watson.     G.  Notes.) 

(i)  Water,  The  cavernous  structure  of  the  conglomerate 
vtirieties  of  this  rock  in  the  south-western  counties  forms  vast 
Reservoirs  of  water ;  but  unlike  the  springs  percolating  through 
uniformly  porous  strata,  they  are  not  calculated  to  afford  a' 
constant  supply,  but  when  once  tapped  may  be  soon  exhausted ; 
this  was  experienced  iu  a  branch  of  the  ISomerset  coal  canal 
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near  Radstock,  which  was  carried  through  the  conglomenite  in 
order  that  it  might,  as  was  hoped,  be  fed  bj  these  natural 
reservoirs ;  their  whole  contents  however  soon  ran  off;  and  they 
defeated  instead  of  answering  the  intended  purpose,  by  draining 
off  the  water  of  the  canal ;  which  was  consequently  obliged  to 
be  puddled  along  the  whole  line.     (C.) 

Are  not  the  mineral  springs  of  Kippon  and  Knaresborough 
in  Yorkshire  on  this  formation  ? 

Section  IIL 
FOREIGN  LOCALITIES.* 

In  quitting  England,  before  we  pass  beyond  the  British 
islands,  we  may  observe  that  the  new  red  sandstone,  accom- 
panied by  its  calcareous  conglomerates,  stretches  from  both  the 
northern  angles  of  this  country  into  Scotland,  extending  on  the 
north-east  up  the  valley  of  the  Tweed,  and  on  the  north-west 
along  the  southern  plains  of  Dumfries;  in  both  cases  resting 
against  the  great  southern  chain  of  transition  mountains  which* 
forms  the  natural  barrier  of  Scotland  in  that  direction.  We 
are  not  yet  informed  whether  the  red  sandstone  which  occa« 
sionally  covers  the  great  central  coal-district  of  Scotland 
belongs  to  this  deposit,  or  is  only  a  variety  of  the  regular  coal 
grits ;  but  there  can  be  little  doubt  that  much  of  the  sandstone 
of  the  Western  Isles  belongs  to  it. 

The  formations  which  we  have  described  in  this  article 
occur  abundantly  on  the  continent.  As  far,  indeed,  as  our 
knowledge  of  the  geological  structure  of  the  whole  face  of  the 
earth  extends,  there  is  reason  to  suppose  that  a  much  greater 
portion  of  its  surface  is  occupied  by  these,  than  by  any  othet 
single  class  of  rocks. 

Before  we  attempt  to  collect  together  from  the  notices  as 
yet  obtained,  a  general  view  of  the  local  distribution  of  this 
series,  it  will  be  necessary  to  premise  a  few  words  concerning 
the  arrangement  of  its  constituent  members  in  those  placet 
where  they  have  been  most  accurately  examined,  especially  ia 
the  north  of  Germany,  where  the  researches  of  Karsten,  Voight, 
Raumer,  Von  Buch,  and  more  particularly  of  Freisleben,  have 
filled  up  the  slight,  but  generally  accurate  descriptions  of 
Lehman,  and  elucidated  the  systematic,  but  occasionally  con- 
fused views  of  Werner.  And  we  have  here  the  advantage  of 
being  able  to  refer  the  reader  for  further  information  to  an 
extremely  able  abstract  of  their  statements  published  by  Mr. 
Weaver  in  the  Annals  of  Philosophy  for  September  ISSli. 

•  By  the  iUv.  W.  D.  Conybcart. 
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The  members  then  of  this  series  maj  be  enumerated  in  the 
foUowing  order  beginning  with  the  highest  and  most  recent. 

1st.  Beds  of  marie  and  variegated  sandstone  containing 
rock  salt  and  gypsum  exactly  corresponding  with  the  English 
red  marie.  It  contains  also  occasionally  some  subordinate 
calcareous  beds  coarsely  oolitic,  or  rather  formed  of  middle* 
«ized  globular  concretions  sometimes  dispersed  through  a  sandy 
matrix,  and  thus  passing  into  sandstone.  This  appears  ta 
agree  with  some  of  the  upper  beds  of  magnesian  limestone  in 
the  English  series;  but  the  great  mass  of  that  formation  is 
probably  rather  to  be  referred  to  the  next  member  of  the 
German  suite :  argillaceous  iron-stone  and  thin  traces  of  coal 
are  likewise  found  incidently  in  this  part  of  the  series. 

2.  A  calcareous  formation  containing  fetid  limestone, 
(Stinkstein),  cellular  limestone  (hehlenkalstein  or  ranch wacke,) 
and  compact  marly  limestone  (zechstein)  alternating  with 
marly  beds,  follows.  Towards  the  bottom  of  this  part  of  the 
series  is  a  bed  of  slaty  marle-stone  richly  impregnated  with 
copper  pyrites,  (kupferschiefer  floetz)  for  which  it  is  extensively 
worked.  This  bed  is  considered  as  characterising  this  part  of 
the  series.  Much  of  the  alpine  limestone  must  be  referred  to 
this  formation,  and  also  that  of  Camiola,  which  is  associated 
with  the  bitununous  marle-slate  containing  the  mercurial  mines 
of  Idria.  This  constitutes  the  first  flcetz  limestone  of  Werner 
and  his  disciples.  Near  the  Hartz,  these  calcareous  beds  rest 
on  a  marly  sandstone  of  very  variable  character,  occasionally 
passing  into  a  calcareous  conglomerate  called  the  Weissliegende. 

The  magnesian  limestone  of  England  answers  in  position  to 
these  deposites,  but  no  metalliferous  beds  have  yet  been 
observed  in  this  formation  in  this  country :  well  characterised 
rauchwacke  may  however  be  observed  in  Yorkshire. 

The  organic  remains  contained  in  these  formations  are  prin- 
cipally skeletons  of  Saurian  animals,  and  fish  in  the  copper 
slate,  together  with  small  gryphites  (perhaps  Chamae)  ammo- 
nites and  belemnites,  &c.  a  ferriferous  limestone  which  replaces 
the  zechstein  in  the  Thuringerwald,  is  replete  with  a  species 
of  gryphites  (or  perhaps  Chama,)  called  by  Von  Schlottheim 
gryphites  aculeatus ;  vegetable  impressions  of  ferns,  seeds,  &c. 
occur  in  the  coal-shale. 

3«  Interposed  between  the  last  series  and  the  coal  which  it 
always  covers,  is  a  great  deposit  of  red  sandstone  and  conglo- 
merates associated  with  various  masses  of  porphyry,  basaltic 
trap  and  amygdaloid.  It  is  locally  called  the  red  deud  Iyer 
(rothe  todte  lifigende)  because  the  metals  worked  in  the  former 
beds  here  cease^;  this  is  termed  by  Freisleben  the  older  sandstone 
in  diatinctioif  to  the  sandstone  beds  of  No.  1,  and  is  the  fin^t 
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fi^ts  sandstone  of  the  Wernerians;  it  has  been  confounded  with 
our  old  red  sandstone  from  this  resemblance  of  names,  dnd 
from  the  difficulty  of  discriminating  between  quartzose  con- 
glomerates nearly  allied  in  external  character;  but  once  the 
fock  thus  named  in  England  i^  uniformly  beneath  the  principal 
deposits  of  coal,  and  on  the  other  hand  the  rothe  todte 
Hegende  of  Germany  as  constantly  above  them ;  and  since  its 
character  and  composition  closely  agree  with  the  conglomerates 
of  Devonshire,  which  like  it  are  associated  with  amygdaloidal 
and  porphyritic  trap,  there  is  no  reason  for  hesitating  to  refer 
it  to  the  same  epoch :  we  therefore  consider  it  as  included  in 
the  present  series  of  formations.* 

♦  Mr,  Weaver  In  the  very  useful  compilation  before  referred  to,  epdea* 
vours  however  to  establish  the  claims  of  the  rothe  todte  iiegende  to  the 
greater  antiquity  of  the  English  old  red  sandstone.  His  view  of  the  subject 
is  that  the  three  formations  associated  in  the  great  carboniferous  series, 
h&mely,  the  old  red  sandstone,  the  carboniferous  or  mountain  limestone, 
and.  the  regular  coal  measures,  may  be  intermixed  without  any  determined 
or  constant  order  of  superposition ;  and  he  cites  the  division  of  the  moun- 
tain limestone  series  in  Northumberland,  where  its  beds  alternate  with 
sandstone  and  shale,  and  present  even  near  the  bottom  of  the  series,  in 
two  or  three  instances,  thm  seams  or  rather  traces  of  coal.  He  therefore 
Ihinks  it  probable  that  the  coal,  which  in  England  generally  fonns  the 
upper  member  of  this  series,  may  in  Germany  as  generally  form  the  lower ; 
and  he  appears  to  be  led  to  adopt  this  explanation  principally  from  the 
occurrence  of  porphyritic  and  trapean  rocks,  in  the  rothe  tddte  which 
correspond  with  those  in  the  old  red  sandstone  of  Scotland. 

It  may  be  objected  to  this  view,  however,  that  it  supposes  a  deviation 
from  the  general  geological  order  of  formations  as  deduced  from  a  very 
wide  induction ;  and  secondly,  that  it  supposes  it  without  necessity :  for 
not  only  in  our  own  islands,  where  it  is  a  constant  fict,  but  in  the  Nether- 
lands also  (the  coal  fields  of  which  the  author  of  this  notice  has  personally 
examined,)  the  same  order  of  superposition  prevails;  the  great  coal  deposit 
is  always  the  upper  member  of  the  series;  the  limestone  deposit  the 
central,  and  the  old  red  sandstone  the  lowest.  By  most  continental  writers 
these  latter  rocks  are  however  classed  with  the  transition  series,  the  old 
red  sandstone  being  considered  as  a  variety  of  greyvsracke,  which  has 
hitherto  prevented  our  own  writers  from  recognising  tnis  exact  identity  of 
arrangement ;  and  although  it  is  indeed  true  that  in  Northumberland,  traces 
of  coal  occur  near  the  bottom  of  the  limestone  deposit  and  perhaps 
beneath  it,  still  the  general  rule  holds  good  there  also:  for  the  upper 
part  of  the  series  contained  in  that  country,  contains  frequent  and  thick 
seams  of  coal,  and  in  this  part  no  limestone  is  found :  then,  after  an  inter- 
val of  an  intermediate  character  corresponding  to  the  millstone  grit  and 
shale  formation  of  Derbyshire,  containing  sandstone  aud  shale  with  two 
or  three  thin  beds  both  of  limestone  and  coal,  follows  the  great  limestone 
depoMt  containing  eighteen  beds,  many  of  them  of  considerable  thickness, 
separated  by  shale  and  sandstone ;  and  lastly,  the  old  red  sandstone.  This 
part  of  the  series  contains  only  two  thia  and  unworkable  seams  of  coal ; 
for  the  coal-beds  which  are  found  associated  with  limestone  in  the  north  of 
Northumberland,  belong  to  the  intermediate  formation  between  the  lime- 
stone and  regular  coal  measures ;  so  that  here  there  is  in  fact  no  exception 
tb  the  general  rule ;  for  all  the  workable  coal  is  above  the  great  central 
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To  trace  these  beds  hastily  through  the  continent,  we  may 
begin  with  France.     The  new  red  sandstone  which  crosses  the 

calcareoin  deposit,  and  below  it  are  only  imperfect  traces  of  coal,  and 
those  of  the  rarest  occurrence* 

That  on  the  other  hand  the  rothe  todte  liegende  as  uniformly  occupies  a 
^ace  above  the  great  coal  deposit,  the  eviaence  of  Freisleben  is  decisive. 
The  accounts  of  Lehman,  Karsten,  Voight  and  Von  Buch,  confirm  this 
position:  the  description,  map,  and  sections  of  Von  Raumer,  also  prove 
that  it  is  similarly  placed  in  Upper  Silesia  and  Bohemia ;  for  the  crop  of 
the  coal  beds  is  distinctly  represented  as  occupying  a  line  between  the  red 
sandstone  and  transition  rocksk  Freisleben  considers  it  as  a  formation 
distinct  from  and  reposing  upon  that  of  coal ;  Von  Raumer  as  so  closely 
allied  to  the  coal-measures,  as  to  constitute  with  them  but  a  single 
formation,  the  lowest  beds  being  in  his  opinion  associated  with  the  coal ; 
the  instances  he  cites  are  however  by  no  means  satisfactory,  and 
probably  indicate  nothing  more  than  the  incidental  occurrence  of  traoes 
of  coal  in  the  red  sandstone,  which  is  not  an  uncommon  circumstance  even 
in  its  youngest  members  which  contain  gypsum  and  salt. 

In  one  of  the  sections  given  by  Leiunan,  he  indeed  represents  a  bed  of 
red  conglomerate  (either  our  miUstone-erit  or  old  red  sandstone)  as  basing 
the  coal,  but  he  carefully  distinguishes  this  from  the  true  rothe  todte  which 
occurs  in  I  he  same  section  above  the  coal. 

All  these  writers,  therefore,  with  one  voice  confirm  the  position  of  the 
coal  beneath  the  rothe  todte  liegende,  either  as  a  distinct  formation,  or 
at  any  rate  the  lotvest  member  of  the  same.  It  is  therefore  clear  that 
the  relations  of  position  of  this  formation  to  the  great  coal  deposit  are 
directly  contradictory  to  those  o^  the  old  red  sandstone  of  this  country. 

Let  us  enquire,  then,  whether  there  are  any  circumstances  connected  with 
this  rock  which  render  it  necessary  to  resott  to  the  supposition  of  this  great 
inversion  of  a  geological  arrangement  which  has  been  found  to  hold  con- 
stantly g^ood  through  the  British  Islands,  and  also  in  the  most  extensive  of 
the  continental  coal-districts— that  of  the  Netherlands :  for  though  it  would 
certainly  be  rash  to  pronounce  against  the  possibility  of  this  suppositioif,  it 
must  yet  be  acknowledged  that  it  ought  not  to  be  admitted  without  cogent 
arguments  in  its  favour.  The  descriptions  however  of  this  formation  will 
be  found  closely  to  agree  with  the  conglomerates  of  our  new  red  sandstone 
in  Devonshire,  and  even  the  occurrence  of  porphyritic  and  trapean  rock* 
in  association  with  it,  is  there  paralleled ;  for  it  will  have  been  seen  in  the 
preceding  article  that  there  is  no  mund  to  doubt  that  these  latter  rocks 
are  in  that  district  truly  associated  with  the  new  red  sandstone,  and  not, 
as  has  been  suggested,  with  the  subjacent  transition  strata.  The  writer  of 
this  article  particularly  examined  the  rothe  todte  liegende  beneath  the 
X  copper  marte-slate  of  the  Thuringerwald,  in  company  with  Professor 
^uddand,  in  the  summer  of  1816,  and  both  were  struck  with  its  identity 
6f  character  with  the  rocks  of  Heavitree  near  Exeter ;  and  the  latter  has 
^nce  enjoyed  repeated  opportunities  of  studying  most  of  the  principal 
depKMttes  ascribed  to  this  formation  on  the  continent,  and  has  seen  nothing 
which  did  not  strongly  confirm  him  in  this  opinion.  It  should  be  added, 
however,  that  three  great  conglomerates  of  nearly  similar  appearance^ 
occur  in  the  neighbourhood  of  the  English  coal  districu.  1st.  The  lowest 
beneath  the  great  carboniferous  limestone,  associated  with  the  old  red 
sandstone;  in  this  coal  has  never  yet  been  found  (at  least  in  any  workable 
quantity)  in  these  islands;  secondly,  above  the  carboniferous  limestone, 
and  between  it  and  the  great  coal  deposit,  associated  with  the  sandstone 
called  in  Derbyshire,  &c.  the  millstone  grit ;  this  does  occasionally,  though 
net  very  commonly,  alternate  with,  and  coTfr  regttlar  beds  of  coal,  and 
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channel  from  Devonsire,  w  seen,  though  not  extcnsirelyy  skfrf- 
ing  the  transition  rocks  of  Brittany;  but  the  lias  and  doMte 
advance  ao  near  to  them,  as  almost  to  everlie  and  conceal  it ; 
as  also  seems  to  be  the  case  in  the  centre  of  that  country, 
against  the  northern  edge  of  that  great  group  of  primiture 
ridges  branching  off  from  the  Ce?ennes ;  but  we  want  infor^ 
mation  on  this  district. 

If  we  pass  from  the  centre  of  France  into  Spain  (as  this 
seems  the  most  convenient  place  to  include  that  nearly  detached 
country),  we  find,  after  crossing  the  Pyrenees,  the  rock  salt  of 
this  formation  associated  as  usual  with  gypsum  at  Cardona  (a 
description  of  which  will  be  found  in  the  4th  volume  of  the 
Geological  Transactions).  The  celebrated  conglomerate  moun- 
tain of  Montserrat  in  the  same  quarter,  is  perhaps  referable  t6 
the  «ame  «ra ;  and  we  find  gypsum  and  rock  salt  abundantly 
distributed  along  the  course  of  the  Ebro  from  below  Saragossa 
to  aboTe  Tudela.  It  is  difficult  to  spqak  of  a  country  whose 
geology  has  yet  never  received  a  strictly  scientific  examination ; 
but  enough  is  known  to  teach  us  that  the  central  and  western 

^so  alternates  with  the  upper  part  of  the  limestone  series :  and  thirdly,  the 
conglomerates  forming  the  lowest  member  of  that  great  series  of  «in<utQne 
deposites  which  covers  the  whole  of  the  coal-measures,  and  which  it  hat 
been  the  object  of  the  present  article  to  describe.  Identity  of  geological 
position,  and  resemblance  in  character,  seem  to  combine  in  persuading  us- 
to  refer  the  rothe  todte  to  the  last  of  the  three,  rather  than  to  either  of  the 
former.  Should  it  however  prove  that  they  are  really  associated  with  the 
coal  formation,  as  Von  Raumcr  believes  them  to  be,  they  may  perhaps  be 
classed  with  the  second ;  but  there  is  every  reason  to  withhold  our  assent 
from  their  proposed  identification  with  the  first  and  oldest  of  them ;  for  ia 
a  case  where  external  characters  are  nearly  similar  (since  one  quartzose 
breccia  cannot  materially  differ  from  another)  our  surest  guide  must  be 
the  position  in  the  geological  series,  and  this  ruU  will  hardly  /termit  mk 
to  cl(us  a  formation  uniformly  6clozuy  'with  one  uniformly  above^  tJu  Jirivci^^ 
dejiosit  of  coal.  It  may  be  asked,  however,  if  the  rothe  todte  be  not 
our  old  red  sandstone,  what  rock  in  the  continental  series  does  corretr 
pond  to  it)  to  this  it  may  be  answered  generally,  that  the  entire  absence 
of  a  formation  is  a  less  anomaly  in  geology  than  its  false  position,  and  thaJ^ 
the  old  red  sandstone  is  thus  absent  in  many  of  our  own  coal-fields,  as  for 
instance  in  those  of  Staffordshire,  where  the  coal-measures  repose  immO" 
diately  on  transition  limestone,  and  even  in  the  western  extremity  of  the 
great  South  Webh  coal-field,  which  exhibits  this  formation  in  its  greatest 
thickness ;  in  every  other  part  it  vanishes  in  the  same  manner.  In  some 
instances,  however,  the  old  red  sandstone  is  decidedly  to  be  seen  on  the 
continent,  as  at  Hug,  on  the  Meuse,  placed  exactly  as  with  us ;  but  it  hai^ 
always  been  spoken  of  by  continental  geologfists  as  a  variety  of  grauwacke* 
and  the  carboniferous  limestone  reposing  on  it  as  transition  lime ;  and  the 
same  nomenclature  has  probably  been  sudopted  in  other  localities,  for  Von 
Raumer  speaks  of  a  conglomerate  and  limestone  associated  with  grauwacke 
in  Siberia;  which,  from  the  description  he  gives,  and  its  relatioes  to  the 
adjoining  coal-formation,  may  very  probably  answer  to  our  old  re^  saild" 
atone  ao4  carboniferout  limestone. 
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dittrkts  are  princiimllj  occupied  by  primitive  chains,  while  the 
east  and  south-east  exhibits  little  but  calcareous  mountains, 
among  which  gypsum  is  plentifully  interspersed.  As  we  shall 
hereafter  see  that  the  limestone  formation,  answering  in  age  to 
our  magnesian  limestone,  swells  into  great  importance  on  the 
continent,  and  constitutes  large  mountain  zones  encircling  the 
Alps,  &c.,  which  are  in  like  manner  characterised  by  the  inter- 
mixture of  gypsum,  it  is  no  improbable  conjecture  that  these 
deposits  belong  to  the  same  period. 

To  return  to  the  coast  of  France.  Further  west  the  red 
marie  appears  in  great  thickness,  underlying  the  Jura  chain 
near  Lons  le  Saulnier,  where  it  exhibits  as  usual  salt-springs 
and  gypsum. 

At  no  great  distance  we  find  it  encircling  the  Vosges,  where 
Tast  masses  of  its  conglomerates  invest  the  primitive  chains  ; 
and  in  like  manner  surrounding  the  opposite  German  chains  of 
the  Black  forest  and  Bergstrasse,  as  may  particularly  be  seen 
near  Heidelberg :  hence  it  spreads  northwards  as  far  as  the 
.transition  slate  district  which  stretches  from  the  nprth-east  of 
France  across  the  Rhine,  forming  the  chains  of  the  forest  of 
the  Ardennes,  the  Rhingau,  the  Westerwald,  &c.  and  skirting 
those  on  the  south  and  east.  Omalius  d'Halloy,  in  his  Geologic 
dii  Nord  de  la  France,  has  described  it  in  part  of  this  line,  where 
he  remarks  that,  as  in  England,  this  is  the  oldest  of  the  hori- 
zontal formations,  the  coal  formations  which  rest  on  the  oppo- 
site side  of  this  slate  district  being  highly  inclined  ;  and  gives 
a  description  which  strictly  applies  to  our  own  red  marie,  &c. 
Although  this  tract  is  more  naturally  connected  perhaps  with 
those  of  similar  formation  in  the  north  of  Germany,  yet  as 
these  may  be  traced  in  a  line  probably  continuous  through 
Poland  to  the  very  extremities  of  Russia,  it  is  more  convenient, 
before  departing  so  widely  from  the  central  countries  of  Europe, 
to  review  in  the  first  place  the  course  of  the  new  red  sandstone 
tlirovgh  the  south  of  Germany  and  the  adjacent  countries. 

In  this  quarter  we  find  these  formations  forming  a  zone  on 
either  side  of  the  Alps ;  on  the  north  interposed  between  the 
older  rocks  and  great  Nagelflue  of  Switzerland,  which  was 
once  itself  considered  as  belonging  to  them,  but  has  been 
proved  by  subsequent  researches  to  be  of  much  more  recent 
date,  and  contemporaneous  with  the  sandstones  of  the  basin  of 
Paris.  The  new  red  sandstone  is  here  intimately  associated  with 
alpine  limestone,  \^hich  corresponds  with  the  calcareous  for- 
mations already  described  as  coeval  with  our  magnesian  lime- 
atone ;  and  gypsum  and  salt  may  be  found  interspersed  through 
the  whole  series.  A  similar  character  applies  to  the  zone  oa 
the  south  side  of  the  Alps ;  here  the  n«w  red  sandstone  may 
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be  seen  to  the  greatest  advantage  in  the  valley  of  the  Adigil 
ten  miles  north  of  Trent,  and  in  the  yallej  of  Avisio  which 
descends  from  the  Val  di  Tassa  into  that  of  the  Adige.  In  the 
same  neighbourhood  a  porphyry  occurs  associated  with  these 
formations  on  the  south  of  the  Alps  only. 

The  reader  is  referred  for  further  particulars  to  the  excellent 
memoir  of  Professor  Buckland ;  Annals  of  Philosophy,  Jane 
182i. 

It  is  probably  the  limestone  of  this  formation  belonging  id 
the  Sputhern  Alpine  zone,  which  extends  into  Carinthia,  Istria, 
Dalmatia,  &c. :  the  limestone  of  the  Apennines,  and  much  of 
that  in  Greece,  may  also  perhaps  be  referred  to  the  same  sera. 

Returning  to  resume  our  survey  of  the  coarse  of  this  forma* 
iion  from  the  point  where  we  left  it  in  the  north  of  Germany, 
we  may  first  observe  that  there  is  a  tolerably  extensive  sand- 
stone district  in  the  centre  of  Germany,  between  Wurtzbnrg 
and  Bamberg,  which  may  belong  to  this  formation,  and  appears 
in  some  places  to  contain  gypsum,  but  cannot  yet  be  considered 
as  satisfactorily  identified.  Having  passed,  however  the  calca* 
reotts  district  containing  the  caverns  celebrated  for  the  fossil 
remains  of  bears,  &c.  in  proceeding  westwards,  between 
Bayreuth  and  the  Fichtelgebirge,  a  zone  of  red  marie  is  passed 
which  appears  to  skirt  the  transition  and  primitive  ridges  of 
the  Bohemer  Wald  towards  the  south,  and  which  continues 
on  the  north-west  round  the  projecting  chain  of  the  Thuringer 
Wald.  Here  we  may  observe  all  the  formations  noticed  at  the 
head  of  this  article,  viz.  the  red  marie  and  gypsum ;  the 
calcareous  beds  associated  with  the  cupriferous  marle-slate, 
and  at  the  bottom  the  rothe  todte :  a  shell  limestone  answering 
to  our  lias  rests  on  these  beds,  and  separates  this  from  a  similar 
district  encircling  the  detached  ancient  groupe  of  the  Hartz 
mountains :  here,  and  in  the  continuation  of  this  district  towards 
Halle,  the  rothe  todte  is  to  be  observed  in  many  places  in 
contact  with  the  coal  formation  and  always  above  it.  Rock 
Salt  is  found  in  numerous  points  in  this  quarter,  along  the 
line  between  Osnaburg  and  Magdeburg  throughout  the  south 
of  Hanover.     (See  the  works  of  Freisleben.) 

The  zone  of  these  rocks  surrounding  the  Thuringer  wald, 
continues  to  skirt  the  prolongation  of  the  same  great  moun- 
tain band  through  Saxony,  where  it  assumes  the  name  of  the 
Erzegebirge,  through  Silesia,  where  it  changes  its  appellation 
for  that 'of  the  Riesengebirge.  It  occurs  on  both  sides  this 
chain,  extending  on  the  south  into  the  great  basin  of  Bohemia, 
and  covering  the  coal  formation  of  that  country  and  the 
^djokiing  parts  of  Silesia.    This  distrtct  has  been  folly  de^ 
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soribed  by  Von  Raumer^*  and  in  part  also  bj  Von  Biich  in  hi's 
account  of  Glatz. 

These  formations  appear  to  skirt  in  like  manner  both  sides 
of  the  Carparthian  chain,  which  is  still  only  a  continuation  of 
this  same  great  primitive  baud  trayersing  central  Europe.  The 
most  extensive  salt  mines  which  have  ever  been  worked  are  to 
be  found  in  the  northern  sandstone  zone  at  Wielictzka  on  the 
south  of  Cracow,  and  salt  is  also  worked  along  the  inner  zone 
in  several  vallies  descending  to  the  west  from  the  chain  where 
it  trends  round  Transylvania.f  The  primitive  ridge  of  the 
Canrpathians,  turning  eastwards  on  the  south  of  the  Danube 
near  its  mouth,  assumes  the  name  of  Mount  Balkan,  and 
proceeds  to  the  coast  of  the  Euxine,  which  cuts  it  off;  but  the 
transition  rocks  on  the  south  of  the  peninsula  of  the  Crimea^ 
appear  to  form  a  portion  of  its  northern  exterior  chain,  and 
the  Caucasus  to  form  its  prolongation;  both  these  ranges  are 
skirted  by  conglomerates,  probably  of  this  formation. 

The  sand  of  this  formation,  <;ontaining  gypsum,  appears  to 
be  very  abundant  in  the  north  and  east  of  European  Russia. 
Mr.  Strangways  has  recently  laid  much  important  information 
on  the  mineralogical  relations  of  this  vast  empire  before  the 
Greological  Society,  in  which  all  the  particulars  hitherto  col- 
lected are  given.  It  will  here  suffice  to  observe,  that  if  a  line 
be  drawn  from  Riga  north  of  Moscow  to  the  banks  of  the 
river  Oural,  this  formation  will  be  found  plentifully  distributed 
on  the  north  and  east  of  it«  especially  along  the  Volga  and  its 
branches  on  the  north-east  of  Moscow  :  it  appears  indeed  to 
extend  to,  and  invest  the  Oural  mountains  with  the  inter- 
mixture of  a  cupriferous  sand,  probably  allied  to  the  cupri- 
ferous beds  associated  in  this  formation  in  Germany  and  the 
Tyrol,  &c. 

On  the  south  of  the  Oural  chain,  it  appears  to  stretch  to  the 
Caspian,  and  to  spread  very  extensively  in  the  adjoining  regions 
of  Asia.  Dr.  Kidd  observes  in  his  Geological  Essays,  <^  that 
when  it  is  known  that  rock  salt  is  used  as  building-stone  at 

*  The  reader  will  find  an  admirable  digest  of  the  statements  of  Freisleben, 
Voight,  and  Raumer,  on  the  secondary  formations  surrounding  the  Hartz, 
Thuringerwald,  and  Reisengebirge,  by  Mr.  Weaver,  in  the  Annals  of  Phi- 
losophy for  October,  November,  and  December,  1821 :  we  have  already 
stated  our  hesitation  in  adopting  his  proposed  identification  of  the  Rotfaie 
todte  with  our  older  red  sandstone,  but  in  every  other  particular  our 
statements  will  be  found  in  exact  accordance. 

f  Mr.  Fichtel  says,  that  on  the  north  this  zone  extends  from  'Wielictzka 
into  Moldavia,  in  which  interval  he  enumerates  58  places  where  salt  is 
worked  or  salt-springs  found,  and  on  the  south  from  Eperics,  4  or  500 
miles  eastwards  mrough  Transylvamai  affording  )  59  localities  of  salt. 
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Onnnz^ ;  Had  that  the  saad  of  the  great  desert  of  Peitiati  of 
a  brick  red  colour;  and  that  salt  abounds  throughout  thail 
desert ;  there  can  be  very  little  doubt  m  the  mind  of  a  geologist 
that  the  rock  marie  formation  abounds  in  that  |>art  of  tiie 
wcnrld.  The  same  formation  probably  abounds  also  about  ^e 
streams  of  the  Indus  and  the  Ganges,  after  they  have  quitted 
the  raouotains ;  for  it  is  observed  by  Major  Rennell,  that  in 
4he  tract  between  the  Indus  and  the  Chelum  are  wonderfully 
productive  salt  mines,  affording  masses  of  salt  hard  enough  ^o. 
he  formed  into  vessels,  &c."  f 

Does  not  the  ^>ccurreace  of  a  sak  lake  m  the  centre  of  Asia 
(Minor  lead  us  likewise  to  expect  this  formation  in  thatqnarter? 
We  know  that  rock  salt  is  nsed  in  Garamania  as  a  building 
stone,  lu  consequence  of  Its  hardness  and  the  dryuess  of  the 
air*  (Chardio.)  Similar  indications  are  said  to  eia%t  in  Tlnbet 
4Uid  Tartary. 

With  respect  to  Africa,  we  may  again  quote  Dr.  Kidd.  ^'  I 
^teed  not  insist  on  the  existence  of  rock  salt  in  Africa;  and 
though  we  ha?e  little  satisCactory  evidence  of  the  formation  to 
which  it  belongs,  yet  as  syenitic  rocks  occur  in  Upper  Egypty 
-and  maguesian  limestone  In  Lower  Egypt,  and  Vitruvius  men*- 
.ti<ms  a  spring  of  tar  near  Carthage  §  ;  we  have  good  geological 
j^asons  for  expecting  that  in  those  parts  of  Africa  die  rock 
marie  may  be  found." 

Much  of  the  sandstone  of  southern  Africa  appears  to  belong 
to  this  formation. 

Rock  salt  is  said  to  exist  in  more  than  one  place  in  New 
Jklland. 

In  North  America  these  formations  appear,  from  the  travels 
'Of  Messrs.  L«ewis  and  Clarke,  to  be  very  abnndant  in  the  vast 
plain  of  the  Mississippi,  between  the  Alleghany  mountains  and 
ike  great  range  of  stony  mountains  bordering  the  opposite  sides 
of  the  northiern  half  of  this  eontineat.  j; 

*  Kinneir,  p.  13.  and  Voyage  of  Nearcbus,  p.  322. 

+  Reimeirs  Hindostan,  p.  69. 

§  Vitruviut,  lib.  viii.  cap.  3. 

\  In  America  the  localities  of  this  mineral  have  been  but  little  explored. 
h  appears,  however,  to  exist  in  many  p]ac6s  under  one  or  both  of  its  usual 
forms.  In  Peru  are  numerous  mines,  situated  at  a  very  great  elevation 
above  the  sea ;  some  are  near  Potosi.  The  salt  is  very  hard,  and  usually  of 
a  violet  color  —It  has  also  been  found  in  several  parts  of  ChiK,  &c. 

In  CaKfomia  it  is  found  in  very  solid  masses ;  and  in  St.  Domingo,  neai? 
lake  Xaraguay,  it  exists  in  a  mountain. 

In  the  Unit^  States,  t»k  springs  are  numerous  in  several  tfiatricts. 
These  springs  wMnetbnes  Aow  naturally,  but  are  more  frequently  ^ymtd 
by  Making  w^9  in  those  places,  where  diis  salt  is  knowa  to  extst,  as  «a 
certain  jnarabei,  and  in  saH/mit^  so  caUed,  famng  formerly  beea  the  resort 
of  wild  animals  to  liei  the  clay,  impregnated  with  this  muriate.    Tbete^ 
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They  extend  into  Louisiana  and  Mexico ;  in  the  tatter,  how- 
ever, few  regular  beds  of  salt  are  found,  but  it  occurs  prin- 
cipally disseminated  in  argillaceous  soils  near  the  top  of  the 
Cordilleras.     There  is  a  salt  lake  in  the  valley  of  Mexico. 

Humboldt  mentions  among  the  secondary  rocks  skirting  the 
islands  of  Orinoco  some  calcareous  beds  mingled  with  gypsum 
and  rock  salt,  and  associat<*d  with  beds  of  clay  and  sand  con- 
taining the  same  minerals  which  appear  clearly  to  belong  to 
this  formation. 

springs  are  found  on  the  banks  of  the  Hockhocking,  Scioto,  Wabash, 
Tennessee,  Kanhaway,  Great  Sandy,^  and  various  other  rivers,  all  west  of 
the  Alleghany  mountains,  and  emptying  their  waters  into  the  Ohio.  They 
occur  also  in  the  state  of  New  York  near  the  Onondago  and  Cayuga  lakes ; 
those  of  Onondago  rise  in  a  marsh  on  the  border  of  the  lake,  at  some  dis- 
tance from  hard  ground ;  they  are  richly  impregnated,  one  gallon  of  the 
water  sometimes  containing  a  quarter  to  half  a  pound  of  the  salt.  Some 
springs,  however,  on  the  eastern  waters  of- the  Ohio  are  considerably  richer 
than  these. 

The  whole  quantity  of  salt,  annually  extracted  from  saline  springs  in 
#he  United  States,  undoubtedly  exceeds  (K)0,0:)0  bushels.  Of  this  the 
springs  of  Onondago  and  Cayuga  alone  furnish  about  n(K),000  bushels,  and 
the  Wabash  WiW,  which  belongs  to  the  United  States,  yields  I30,0<XI 
bushels.     (CIeaveland*s  iMineralogy.) 
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BOOK  IIL* 
MEDIAL  OR  CARBONIFEROUS  ORDER. 

CHAPTER  I. 

General  view  of  the  formations  comprised  in  this  order. 

Section  I.  Introductory  notice. 
It  is  intended  to  comprise,  in  the  present  book,  an  acconnt 
of  the  rocks  associated  together  in  the  districts  which  afford  the 
principal  deposit  of  fossil^coal,  and  indeed  the  only  one  capable 
of  being  applied  to  purposes  of  extensive  utility  which  appears 
^o  exist  in  the  whole  geological  series.    , 

The  class  of  rocks  thus  constituted  will  contain  not  only  the 
great  coal-deposit  itself,  but  those  of  the  limestone  and  sand^ 
stone  also  on  which  it  reposes ;  which,  though  entitled  to  the 
character  of  distinct  formations,  are  yet  so  intimately  connected 
with  the  above,  both  geographically  and  geologically,  that  it  is 
impossible  to  separate  their  consideration. 

This  series  of  rocks  is  by  some  geologists  referred  to  the 
floetz,  by  others  to  the  transition  class  of  the  Wemerians :  we 
have  preferred  instituting  a  particular  order  for  its  reception, 
a  proceeding  justified  by  its  proportional  importance  in  the  geo- 
logical scale,  its  peculiar  characters,  and  the  many  inconve- 
niences arising  from  following  either  of  the  above  conflicting 
examples.  For  this  order  we  have  proposed  the  name  of  Medial^ 
wishing  to  adopt  an  appellation  entirely  free  from  theory,  and 
Indicating  only  the  central  place  of  this  groupc  in  the  five-fold 
division  of  the  geological  series  which  results  from  assigning  to 
it  a  separate  class.  The  epithet  carboniferous  is  of  obvious  ap- 
plication to  this  series. 

Had  we  been  obliged  to  refer  it  either  to  the  floetz  or  transi- 
tion class  of  the  Wemerians,  we  should  not  have  hesitated  in 
preferring  the  latter  branch  of  the  alternative ;  since  at  least  ten 
characters  will  be  found  in  common  between  the  carboniferous 
^i^d  transition  +  class,  for  one  which  would  lead  to  an  opposite 

*  Chiefly  by  the  Rev.  W.  D.  Conybcare. 
+  We  oiily  use  the  term  /transition  rocks*  as  ludipating  a  part  of  the 
general  series  without  i»ny  theorclic4l  views. 
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arrangement :  for  instance, — 1st,  in  those  countries  (as  England 
and  the  Netherlands)  where  all  the  heds  above  this  series  reallj 
deserve,  from  their  generally  horizontal  position,  the  name  of 
floetz  rocks,  the  carboniferous  strata  are  most  frequently  much 
inclined,  and  exhibit  every  variety  of  contortion  and  disturb^* 
ance,-— agreeing  in  these  respects  with  the  transition  rooks,  but 
being  entirely  unconformable  with  the  more  recent :  2dly,  the 
limestones  of  this  series  exhibit,  in  chemical  and  external  cha* 
racters,  in  mineral  contents,  and  in  organic  remains,  a  very  near 
alliance  with  those  of  transition,  but  differ  in  all  these  respects 
most  strikingly  from  the  more  recent  calcareous  beds  :  it  often 
requires  much  consideration  to  distinguish  them  from  the  former, 
but  the  merest  tyro  in  Geology  would  at  once  discriminate 
them  from  the  Latter :  3dly,  the  sandstones  in  the  lower  part  of 
this  series  approach  closely  in  character  to  the  more  obviously 
mechanical  varieties  pf  greywack^,  and  indeed  so  completely 
pass  into  that  rock,  that  in  many  instances  the  limits  between 
this  series  and  that  of  transition  rocks  can  pnl^  be  arbitrarily 
assigned. 

Jn  entering  on  our  description  of  this  series,  we  are  at  once 
/struck  with  its  far  greater  importance  in  a  statistical  and  oeco- 
nomical  point  of  view  above  the  formations  we  have  previously 
described.  We  have  hitherto  had  to  notice  little  more  than  a 
few  varieties  of  stoqe  fit  for  architectural  purposes ;  and  of  those 
which  are  more  usually  considered  as  the  sources  of  mineral 
wealth,  the  trifling  metalliferous  deposits  occasionally  occur- 
jng  in  some  of  the  rocks  associated  with  the  new  red  sandstone 
have  afforded  the  only  trace  ;  but  here  we  enter  on  a  new  scene 
in  this  respect. 

The  manufacturing  industry  of  this  island,  colossal  as  is  the 
fabric  which  it  has  raised,  rests  principally  on  no  other  base 
thim  our  fortunate  position  with  regard  to  the  rocks  of  this 
series.  Should  our  coal  mines  ever  be  exhausted,  it  would  melt 
away  at  once,  and  it  need  not  be  said  that  the  effect  produced 
on  private  and  domestic  comfort  would  be  equally  fatal  with 
the  diminution  of  public  wealth ;  we  should  lose  many  of  the 
advantages  of  our  high  civilization,  and  much  of  our  cultivated 
grounds  must  be  again  shaded  with  forests,  to  afford  fuel  to 
a  remnant  of  our  present  population.  That  there  is  a  progres- 
sive tendency  to  approach  this  limit,  is  certain;  but  ages* 
may  yet  pass  before  it  is  felt  very  sensibly  ;  and  when  it  does 
approach,  the  increasing  difficulty  and  expense  of  working 
the  mines  of  coal  will  operate  by  successive  and  gradual  checks 

.    .  *  See  some  remarks  on  this  subject  in  t)i^  section  on  the  i^^orthumb^l^d 
.  and  Durham  coal-field. 
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iigalnst  its  consumptidn,  through  a  long  period,  no  ^hat  the 
transition  may  not  be  very  violent:  our  manufactures  would 
first  feel  the  shock;  the  excess  of  population  supported  by 
theih  would  cease  to  be  called  into  existence,  as  the  demand 
for  their  labour  ceased ;  the  cultivation  of  poor  lands  'would 
become  less  profitable,  and  their  conversion  into  forests  more  so. 

The  iron  ores  associated  with  the  carboniferous  strata  being 
thus  conveniently  situated  in  the  immediate  vicinity  of  coal  and 
limestone — ^the  fuel  and  the  flux  requisite  to  work  them,  have 
led  to  the  establishment  of  all  our  great  Iron-Works  within  the 
limits  of  the  coal-fields,  and  consequently  produced  a  great 
condensation  of  manufacturing  population. 

The  principal  supply  of  lead  used  in  this  country  is  also 
derived  from  this  series;  with  regard  to  zinc  and  copper,  it 
contributes  a  smaller  proportion  than  the  transition  and  primi- 
tive series. 

To  trace  the  position  of  the  horizontal  strata  above  the  coal 
formation,  disposed  as  they  are  in  uniform  and  parallel  bands 
stretching  across  the  island  in  similar  lines  of  bearing,  is  easy, 
and  requires  nothing  more  than  a  sufficiently  general  know- 
ledge of  the  districts  in  which  they  occur ;  biit  to  reduce  our 
description  of  the  coal-fields,  scattered  as  they  are  in  uncon- 
nected basins  and  exhibiting  every  possible  mode  of  disorder 
and  derangement,  into  a  regular  systematic  form,  is  a  task  of 
much  more  difficult  accomplishment;  not  however  that  we  are 
to  imagine  the  non-existence  in  this  series  of  an  arrangement, 
as  certain  and  constant  as  in  those  described  in  the  two  pre- 
ceding books,  but  that  the  more  violent  convulsions  to  which  it 
has  been  subjected,  the  elevated  and  deranged  position  of  its 
strata,  and  the  unconformable  disposition  of  the  more  recent 
and  overlying  formations  with  regard  to  it,  necessarily  produce 
appearances  of  much  greater  intricacy,  and  require  a  more 
patient  examination  for  their  development;  and  even  when 
that  is  accomplished,  render  the  description  of  their  local 
distribution  much  more  embarrassed,  than  when  we  had  only 
to  pursue  the  simple  lines  indicating  the  extent  of  the  younger 
deposits:  the  order  of  superposition,  however,  is  as  clearly 
ascertained  in  the  one  instance  as  the  other. 

The  following  general  principles  may  be  laid  down,  to  guide 
US  in  our  order  of  treating  this  subject.  In  the  first  place,  the 
series  of  rock  formations  which  ought  to  be  considered  together 
with  the  coal-measures,  should  be  taken  as  including  the  four 
following  subordinate  series.  I.  Coal-measures,  II.  Millstone 
grit  and  shale.  III.  Carboniferous  or  Mountain  limestone. 
IV.  Old  red  sandstone.  These  are  so  much  associated  together 
in  the  same  districts,  (entering  as  component  parts  into  the  same 
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chain  of  hills,  &c.)  that  in  descrihiog  any  extensive  tract  of 
country,  they  must  be  kept  together  under  the  view,  or  an 
inextricable  confusion  will  result. 

Secondly.  The  coal-fields  of  England  will,  from  geographical 
position,  naturally  fall  under  the  following  arrangement.  1« 
The  great  Northern  district ;  including  all  the  coal-fields  north 
of  Trent.  2.  The  Central  district ;  including  Leicester,  War- 
wick, Stafford,  and  Shropshire.  3.  The  Western  district; 
which  may  be  subdivided  into  North'Westemj  including  North 
Wales,  and  the  South-western^  including  South  Wales,  Glou- 
cester, and  Somersetshire.  Physical  circiunstancea  also  confirm 
this  geographical  arrangement. 

Pursuing  these  principles,  first,  a  general  account  of  the  cha- 
racters of  the  several  subordinate  formations  may  be  given;  and 
secondly,  a  particular  description  of  each  district  as  far  as  is 
consistent  with  the  limits  of  the  work ;  tracing  through  each, 
the  position  and  relations  of  the  several  rock  formations  above 
described. 

To  the  first  of  these  objects  the  four  remaining  sections  of  the 
present  chapter  will  be  dedicated  ;  these  will  treat  of  the  above, 
formations  under  the  same  general  heads  which  have  been  adopted 
in  the  former  books,  excluding  however  that  of  ^'  range  and 
extent",  which  together  with  the  local  phoenomena  of  the 
several  districts  specified,  will  form  the  subject  of  the  ensuing 
chapters.  Two  chapters  in  the  nature  of  an  Appendix  will 
close  the  book  ;  the  former  devoted  to  the  consideration  of  the 
Trap  rocks  associated  in  various  parts  of  this  series ;  the  latter 
to  a  comparative  view  of  the  distribution  of  this  series  in  foreign 
countries. 


Section  II.     Of  the  CoaU Measures^  or  Great  Coal" 
Formation, 

Preliminarily  remarks  on  the  limitation  of  this  term^  and  the 
relations  of  this  and  other  carbonaceous  deposits* 

In  speaking  of  the  coal-formation,  we  must  be  understood 
as  applying  that  term  emphatically  to  the  great  and  principal 
deposit  of  that  mineral,  interposed  between  the  newer  red  or 
saliferous  sandstone,  and  the  great  carboniferous  limestone  and 
older  sandstone  formations ;  or,  where  these  are  absent,  resting 
on  transition  rocks.  This  is  the  deposit  distinguished  by  the 
Wernerians  as  the  Independent  coal-formation. 

It  may  be  useful  here  to  observe  that,  besides  this  great 
deposit,  thin  seams  of  carbon^eous  matter  may  be  traced  in 


Digitized  by 


Google 


and  associated  beds.    Sect.  II.  Of  the  Coal-measures.    327 

several  other  gl?ological  positions^^and  that  sach  are  sometimes, 
though  very  rarely,  sufficiently  productive  to  be  worked  for 
fuel ;  yielding  however  generally  a  coal  of  very  inferior  quality. 

In  taking  the  following  brief  view  of  the  several  geological 
localities  in  which  substances  either  identical  with  coal,  or  in 
an  high  degree  analogous  to  it,  passing  into  it  by  a  series  of 
insensible  gradations,  occur,  we  shall  find  that  these  range 
through  the  whole  suite  of  formations,  beginning  in  the  most 
recent,  and  terminating  only  amidst  the  oldest  with  which  we 
are  acquainted;  and  we  shall  have  to  remark  that  the  more 
recent  deposits  are  unequivocally  of  vegetable  origin,  and  that 
there  is  great  reason  to  ascribe  those  of  the  middle  periods  to 
the  same  source,  in  every  instance  where  bitumen  is  present ; 
yet  it  seems  scarcely  possible  to  ascribe  the  non-bituminous 
varieties  of  carbonaceous  beds  which  occur  in  the  rocks  usually 
esteemed  primitive  (namely  anthracite  and  plumbago)  to 
similar  causes;  and  in  this  ease  therefore  we  seem  obliged  to 
admit  carbon,  in  its  simple  state  as  \/»ell  as  in  its  well  known 
compounds,  as  an  original  mineral  substance.  It  might  appear 
therefore  that  a  line  of  distinction  might  be  drawn  between 
those  carbonaceous  formations  which  are  of  derivative  origin, 
and  only  introduced  as  extraneous  materials  from  the  vegetable 
into  the  mineral  kingdom,  and  those  which  have  belonged 
primarily  to  the  latter;  but  in  fact  to  assign  such  a  line  is 
impossible,  since  the  clearly  marked  and  unequivocal  extreme 
forms  are  found  blended  together,  and  passing  into  each  other 
by  a  series  of  middle  terms.  All  that  can  be  done,  therefore,  in 
the  present  state  of  science  is,  to  state  the  difficulty  and  leave 
it  for  solution  to  that  more  advanced  period  towards  which  we 
are  now  only  securing  the  approaches,  by  preparing  a  firm 
groand-work  of  induction  from  facts.  What  may  be  considered 
as  ascertained  concerning  the  conversion  of  vegetable  matter 
into  bituminous  and  coaly  matter  will  be  found  shortly  summed 
up  from  the  able  statements  of  Hatchett  and  Mac  Culloch, 
under  the  head  ^  chemical  and  external  characters'  of  coal. 

We  now  proceed  with  the  proposed  enumeration,  beginning 
with  the  most  recent  deposits  which  admit  of  comparison  with 
the  coal-formation. 

4.  Alluvial.  Peat.  This  substance,  arising  sometimes  from 
the  subversion  of  forests  covered  by  sphagnum  palustre, 
and  other  mosses,  and  sometimes  from  the  growth  of 
various  maritime  and  semi -maritime  plants  on  the  marshes 
bordering,  the  coasts,  is  found  among  the  most  modem 
alluvia,  generally  covering  them ;  often  containing  works 
of  human  art  imbedded,  and  in  m^ny  instances  still  in 
2  T 
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the  act  of  progressive  increase.  It  belongs  therefore 
entirely  to  an  order  of  causes  still  in  action  ;  the  upper 
parts  of  its  mass  present  the  fibres  of  the  vegetables 
whence  it  originates,  and  which  still  cover  its  surface 
(principally  sphagnum  palustre)  in  an  almost  unchanged 
state;  in  the  middle  part  the  texture  is  gradually  obli- 
terated,  and  the  mass  passes  into  a  compact  peat ;  in  the 
lowest  portion  this  change  is  carried  still  farther,  and 
substances  very  analogous  to  jet  are  found ;  in  some 
instances  beds  of  peat  alternate  with  beds  of  mud  or  sand 
deposited  in  lakes,  or  of  silt  and  sand  formed  in  the 
aestuaries  of  rivers;  in  these  cases  they  appear  exactly 
to  represent  an  imperfect  and  unmatured  coal-formation. 
See  Dr.  Mac  Culloch's  excellent  memoirs  on  this^  subject. 

The  present  work  will  contain  a  further  account  of  this 
phoenomenon  in  that  part  of  the  last  book  in  which  allu- 
vial formations  are  treated. 

B.  Diluvial,     (Associated  with  accumulations  of  gravel  ap* 

parently  resulting  from  the  last  great  catastrophe  that 
has  affected  the  earth's  surface^  but  unconnected  with  the 
order  of  causes  still  acting,)  The  carbonaceous  deposits 
of  this  period  consist  of  beds  of  fossil  wood  (Lignite) 
in  some  places  retaining  its  texture  in  the  most  distinct 
manner,  and  passing  by  a  series  of  gradations  from  this 
state  to  that  of  jet.  The  mean  terms  of  4his  series  appear 
on  chemical  examination  to  consist  of  woody  fibre  in  a 
state  of  semi-carbonizatiou,  impregnated  with  bitumen, 
and  a  small  portion  of  resin ;  so  that  of  its  original 
proximate  principles  as  a  vegetable,  the  extract  has 
disappeared,  the  woody  fibre  and  much  of  the  resin,  &c.  is 
apparently  modified  into  bitumen. 

^yey  Heathfield,  in  Devonshire,  affords  an  excellent 
example  of  this  deposit ;  on  the  continent  similar  instances 
tnay  be  cited  on  the  banks  of  the  Rhine  between  Cologne 
and  Bonn. 

C.  Associated  with  the  overlying  basaltic  formation    known 

as  the  newest  flcetz  trap.  This  is  also  a  lignite,  nearly 
agreeing  with  the  former.  England  affords  no  example 
of  it,  but  it  abounds  in  the  basaltic  area  of  north  eastern 
Ireland,  and  in  almost  every  tract  of  this  formation  on  the 
continent,  especially  in  Hesse  and  Bohemia. 

D.  Carbonaceous  strata  associated  with  the  plastic  clay  and 

other  formations  above  the  chalk. 

The  Isle  of  Wight  furnishes  an  example.  See  Book  I. 
of  this  work. 

Similar  instances  occur  in  the  basin  of  Paris,  &c. 
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£•  In  the  sands  imniedidtely  under  the  chalk; '  interposed 
between  it  and  the  oolitic  series.  See  in  this  work  the 
description  of  the  iron  sand^  especially  near  Hastings  and 
at  Lulworth  cove. 

F,  In  the  ooUtic  series^   the    Rimraeridge  day,    interposed 

between  the  upper  and  middle  division,  contains  beds 
of  bituminous  shale  afibrding  an  imperfect  fuel.  Lower 
down,  the  sands  resting  on  the  lias  of  Yorkshire  con- 
tain regular  strata  of  workable  coal,  though  of  inferior 
quality,  accompanif?d  by  vegetable  impressions.  The 
account  of  this  has,  from  the  uncertainty  of  its  exact 
place  in  the  oolitic  series,  been  necessary  postponed  to  an 
appendix. 

G.  The  newer  red  or  saUferous  sandstone  is  said  on  the  con- 

tinent to  contain  occasionally  thin  seams  of  coal,  though 
such  do  not  appear  to   have  been   yet  noticed  in  this 
country. 
H.  The  descending  series  next  conducts  us  to  the  great  coal- 
formation,  the  subject  of  the  present  book. 
I.    The  slatesy  Sfc.  of  transition,  (as  they  are  called)  some- 
times contain  beds  of  Anthracite;  examples  of  this  we 
believe  occur  in  Devonshire. 
K>  Beds  of  anthracite  and  plumbago,  (which  is   the  purest 
known  form  of  carbon)  occur  in  mica  slate  and  other 
rocks  esteemed  primitive ;  no  example  of  this  position  is 
as  far  as  we  are  informed  known  in  this  country,  but  it 
is  frequent  on  the  continent.     These  transition  and  primi- 
tive carbonaceous  beds  appear  to  be  destitute  of  bitumen  : 
bitumen  however  has  been  found  in  the  veins  of  transition 
rocks;   e.  g.  accompanying  yellow  copper  in  Carharack 
mine  Cornwall. 
In  thus  stating  the  occasional  occurrence  of  carbonaceous 
beds  in  other  formations,  it  is  necessary  carefully  to  guard 
against  the  error  of  supposing  that  any  supplies  of  this  mineral, 
capable  of  being  profitably  worked,  are  to  be  found  any  where  * 
without  the  limits  of  the  coal-district  of  which  we  are  now 
treating ;  an  error  that  has  led  to  much  waste  of  capital  in 
fruitless  speculation.     The  local  deposits  above  mentioned  are 
objects  of  Geological  curiosity,  not  of  statistical  interest. 

We  now    proceed  to  consider   generally  the  great  coal- 
formation  so  called,  as  distinguished  from  the  above  partial' 
deposits. 

(a)  Chemical  and  external  characters.  The  coal-measures 
consist  of  a  series  of  alternating  beds  of  coal,  slate  clay,  and 
sandstone;   the  alternations  being  frequently  and  indefinitely 
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repeated.  The  coal-beds  are  principally  distinguished  by  the 
proportion  of  bitumen  which  they  yield :  three  species  may 
be  ascertained.  The  first  yielding  about  k>rty  per  cent,  of 
bitumen,  is  known  by  the  names  of  slaty  coaly  binding  or 
caking  coaly  crozzUng  coaly  cherry  coaly  Sfc,  In  ignition  it 
swells,  agglutinates,  and  emits  much  smoke,  which  inflames  at 
a  sufficient  temperature:  the  second  variety  yields  about  SO 
per  cent,  of  bitumen,  and  has  been  termed  cannel  coal  and 
caking  coal;  it  inflames  readily,  but  does  not  agglutinate  :  the 
third  variety  contains  little  or  no  bitumen  ;  it  has  been  called 
culmy  coarse  coaly  stone  coaly  Kilkenny  coaly  Sfc;  in  ignition  it 
exhibits  little  or  no  flame,  and  does  not  agglutinate  ;  this  last 
variety  forms  the  anthracite  of  mineralogists,  when  th^se  cha- 
racters are  carried  to  their  furthest  point.  It  must  be  understood 
however,  that  much  confusion  has  prevailed  in  the  application 
of  the  above  names ;  particularly  in  those  of  slaty  and  of  stone 
coal. 

The  variable  proportions  of  bitumen  in  all  these  species  of 
coal  were  considered  by  Mr.  Kirwan  as  united  with  charcoal, 
which  constitutes  the  predominating  ingredient ;  the  residuum, 
besides  these  two  substances,  consisting  only  of  between  two  or 
three  per  cent,  of  earthy  ashes.  Mr.  Kirwan  supposes  that  the 
bitumen  exists  in  different  states  in  these  varieties,  and  wh^i 
in  the  state  of  Asphaltum,  communicates  to  soine  of  them  the 
property  of  caking.  These  coals  are  often  much  mixed  with 
clay,  and  pass  into  bituminous  shale. 

The  above  are  the  views  of  the  chemical  composition  of  coal 
exhibited  by  the  analyses  of  Kirwan. 

Dr.  Mac  Culloch,  however,  has  been  led  by  subsequent  ex- 
periments (see  G.  T.  vol.  2.)  to  consider  coal  rather  as  itself 
forming  a  series  of  links  connected  with  the  bitumens,  varying 
by  the  diminishing  proportions  whicji  the  hydrogen  bears  to  the 
carbon  in  their  composition ;  than  as  a  mixture  of  bitumen  and 
charcoal,  as  distinct  principles.  We  cannot  better  explain  his 
opinions  than  by  subjoining  the  condensed  statement  of  them 
which  he  has  lately  published  in  his  Classification  of  Rocks. 

All  the  bitumens,  from  naphtha  to  asphaltum,  consist  of  com- 
pounds, apparently  indefinite,  of  carbon  and  hydrogen  princi- 
pally;, the  small  quantities  of  oxygen  and  azote  which  they 
contain,  appearing  to  have  little  or  no  effect  in  modifying  their 
mineral  characters.  In  the  most  fluid,  the  hydrogen  predomi- 
nates, diminishing  progressively  according  to  the  order  of  their 
relative  tenacity  or  solidity.  Where  asphaltum  ends  this  series, 
cannel  coal,  with  some  interruption  in  composition,  and^  a  con-* 
siderable  one  in  texture,  commences  that  of  the  coals.  From 
this  variety,  down  to  the  most  perfect  anthracite,  there  is  a 
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similarly  indeinite  range  of  composition ;  the  hydrogen  gra- 
dually diminishing  as  the  coal  becomes  less  inflammable,  as  it  is 
less  capable  of  being  separated  into  bitumen  and  charcoal  by 
distillation,  and  as  it  yields  a  smaller  comparative  proportion  of 
the  former.  Thus  the  composition  of  the  bitumens  illustrates 
that  of  the  several  varieties  of  coaL  The  most  perfect  anthracite 
appears  to  yield  no  bitumen,  yet  it  still  contains  hydrogen, 
perhaps  in  every  case ;  as  that  element  is  present  even  in  com- 
mon charcoal,  which  is  itself  a  compound  substance.  Where 
anthracite  passes  to  plumbago,  which  may  in  fact  be  considered 
as  the  true  end  of  this  series,  the  hydrogen  seems  to  have  dis- 
appeared; and,  if  this  substance  be  not  mere  carbon,  as  it 
probably  is  not,  from  the  apparent  combustion  which  it  under- 
goes on  exposure  to  air,  when  its  base  has  been  extricated  from 
ilron  under  water,  it  undoubtedly  approaches  nearer  to  that 
element  than  any  of  the  preceding  substances. 

The  paper  of  Dr.  Mac  CuUoch  above  referred  to  (G.  T.  vol.  2), 
contains  some  observations  on  the  experiments  which  have  been 
made  with  a  view  to  illustrate  the  origin  of  coal,  and  its  forma- 
tion from  vegetable  matter,  modified  by  the  action  of  fire  or 
water,  or  both,  which  are  highly  valuable,  and  strongly  marked 
by  the  masterly  precision  which  characterises  all  his  researches. 

1.  He  shews  that  the  substances  produced  from  wood  by  the 
action  of  fire,  by  Sir  James  Hall  and  others,  and  supposed  to  be 
true  bitumens  and  coal,  were  forms  of  a  peculiar  com  pounds 
resembling  indeed  the  bitumens  in  colour  and  inflammability, 
but  essentially  diflerent  in  many  of  its  properties,  being  insolu- 
ble in  naphtha,  &c. ;  containing  oxygen  and  azote  in  proportions, 
diflerent  from  those  in  which  the  same  substances  exist  in  the 
bitu^nens,  and  in  particular  a  considerable  quantity  of  the  for- 
mer. He  proposes  that  this  peculiar  substance  should  be  dis- 
tinguished by  the  name  of  bistre^  which  is  already  applied  to  it 
in  the  arts ;  hence  these  experiments  aflbrd  no  countenance  to 
the  idea  that  fire  has  been  employed  to  convert  vegetable  mat- 
ters into  bitumen. 

2.  By  a  series  of  experiments  on  peat  and  various  lignites, 
the  gradual  progress  of  bituminization  in  these  was  ascertained ; 
and  it  was  found  that  in  jet,  the  extreme  term  of  the  lignite 
series,  no  chemical  diflerence  from  coal  existed,  excepting  that 
a  greater  quantity  of  acid  was  given  over  in  the  process  of  its 
distillation.  The  general  result  of  these  experiments  is  thus 
stated. 

^  Examining  therefore  the  alteration  produced  by  water  on 
common  turf  or  submerged  wood,  we  have  all  the  evidence  of 
demonstration,  that  its  action  is  suflident  to  convert  them  into 
substances  capable  of  yielding  bitumen  on  distillation. 
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*  That  the  same  action,  having  operated  through  a  longer 
period,  has  produced  the  change  on  the  brown  coal  of  Bovey, 
is  rendered  extremely  probable  by  the  geognostic  relations  of 
that  coal.  From  this  to  the  harder  lignites,  surturbrand  and 
jet,  the  transition  is  so  gradual,  that  there  seems  no  reason  to 
limit  the  power  of  water  to  produce  the  effect  of  bituminizatioa 
in  all  these  varieties,  nor  is  there  aught  in  this  change  so. 
dissonant  from  other  chemical  actions,  as  to  make  us  hesitate  ia 
adopting  this  cause.'    (G.  T.  vol.  2.  p.  19.) 

3.  Although  it  thus  appears  that  water,  rather  than  fire,  has 
been  the  agent  employed  in  the  first  bituminization  of  vegetable 
matter,  yet  there  is  a  wide  interval  between  the  external  cha- 
racters of  these  bituminous  lignites  and  true  coal,  although  their 
chemical  composition  is  nearly  the  same.  As,  therefore,  many 
philosophers  of  high  reputation  have  supposed  that  fire  has  been 
the  probable  agent  in  this  part  of  the  conversion,  Dr,  Mac  Cul-. 
loch  felt  it  incumbent  to  examine  what  analogies  in  favour  of 
this  hypothesis  result  from  experiment ;  and  he  represents  those 
results  as  so  far  according  with  this  theory,  that  by  the  applica- 
tion of  heat  under  compression  to  jet,  it  was  fused  into  a  sub- 
stance possessing  the  true  characters  of  coal.  It  is  possible, 
therefore,  that  the  agency  of  fire  applied  to  beds  of  lignite  and. 
peat,  may  convert,  not  wood,  but  vegetable  matter  previously 
bituminized,  into  coal. 

Dr.  Mac  Culloch  does  not  however  pronounce  in  favour  of 
this  theory,  but  merely  points  out  its  possibility ;  fully  admit- 
ting, on  the  other  hand,  that  we  cannot  presume  to  state  the 
period  which  nature  has  used  in  her  operations,  nor  during  how. 
long  a  space  the  causes  have  continued  to  act,  before  the  vege- 
table matter  has  undergone  its  ultimate  change  into  coal ;  nor, 
therefore,  whether  the  long  continued  agency  of  watec>  and 
pressure  may  not  have  produced  the  required  changes. 

We  ourselves,  on  the  assumption  that  coal  really  is  derived 
from  altered  vegetable  matter,  should  infinitely  prefer  that  view 
which  refers  the  whole  of  this  change  to  water;  thinking  it 
greatly  more  probable,  that  the  same  agents  which  have  con- 
verted wood  into  jet  should  also  have  accomplished  the  last  and 
least  important  steps  of  the  same  process,  by  converting  it  into 
coal.  We  cannot  consider  this  as  a  sufficiently  ^  dignus  vindice 
nodus'  to  evoke  the  god  of  fire  for  its  solution ;  we  are  certain, 
from  the  nature  and  contents  of  the  strata  associated  with  coal, 
that  water  was  present ;  hut  had  fire  been  the  agent  employed . 
in  consolidating  the  coal,  it  is  difiicult  to  understand  why  it  has 
not  also  consolidated  the  shales  and  sandstone.  The  coal  dis- 
tricts no  where  present  any  appearances  which  obviously  suggest 
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the  idea  of  igneous  agency,  except  where  they  are  trarersed  by 
whin-dykes. 

The  question  concerning  the  vegetable  origin  of  coal  will 
be  farther  considered  in  treating  of  the  vegetable  remains  which 
so  peculiarly  characterise  it.  The  great  chemical  argument 
appears  to  be,  that  the  coal  exhibits  exactly  the  same  results  as 
the  most  decided  lignites,  the  process  being  however  still 
farther  advanced. 

The  slate- clay  of  the  coal-measures  differs  from  clay-slate  by 
its  less  solid  and  indurated  state ;  it  is  known  in  different  col- 
tieries  by  the  names  of  black  or  blue  metaly  shaky  clunchy  clefgy 
bindy  &c. 

The  sandstones  of  the  coal  measures  are  usually  gritty,  mica- 
ceous, and  tender ;  they  afford  freestones  for  buildings,  whet- 
stones, grindstones,  &c.;  some  varieties  of  a  large  schistose 
structure  are  raised  as  flag-stones  for  paving;  others,  more  finely 
laminated,  as  roofing  slates :  Plate^  Post^  Pennant^  are  names 
locally  applied  to  these  sandstones. 

(b)  Mineral  contents.  Besides  these  strata,  Clay'iron-stoney 
either  in  the  form  of  continuous  beds,  or  courses  of  nodules,  is 
of  common  occurrence  in  the  coal-fields.  These  yield  on  an 
average  about  30  per  cent,  of  metal;  they  are  provincially 
termed  Mine^  and  Pins,  The  occurrence  of  this  most  useful 
of  metals  in  immediate  connection  with  the  fuel  requisite  for 
its  reduction,  and  the  limestone  which  facilitates  that  reduc- 
tion, is  an  instance  of  arrangement  so  happily  suited  to  the 
purposes  of  human  industry,  that  it  can  hardly  be  considered 
as  recurring  unnecessarily  to  final  causes,  if  we  conceive  that 
this  distribution  of  the  rude  materials  of  the  «arth,  was  deter- 
mined with  a  view  to  the  convenience  of  its  inhabitants. 

Iron  pyrites  is  often  abundantly  disseminated  among  the 
coal. 

Associated  with  the  ironstone,  small  quantities  of  galena, 
and  more  rarely  of  blende,  are  Sometimes  observed. 
.    Petroleum  sometimes  occurs,  as  might  naturally  be  expected, 
among  the  coal. 

(c)  Organic  remains,*  From  the  greater  abundance  and 
importance  of  the  remains  which  the  vegetable  kingdom  has 

*    *  The  references  in  this  article  are  to 

Parkinson^s  organic  remains,  vol.  1. 
Martin  s  Petrificata  Derbieniia. 

A  Memoir  by  the  Rev.  Mr.  Steinhauer  in  the  American  Philo- 
sophical Transactions 
Flora  zur  Vorwelt  and  Petrifactenkunde  by  Schlotheim. 
Flora  der  Vorwelt  by  Sternberg. 
The  Edinburgh  Philosophical  Transactions. 
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yielded  to  the  coal  strata,  we  shall  consider  these  befoi-e  we 
proceed  to  the  scanty  animal  remains  they  afford.  The  rematnjs 
of  the  coal-field  exhibit  the  trunks,  leaves,  and  more  rarely 
pericarps  of  various  vegetables,  all  greatly  distinguished  from 
known  recent  species,  but  apparently  agreeing  more  nearly 
with  the  vegetation  of  a  hot  than  temperate  climate,  and  with 
moist  rather  than  dry  situations.  In  considering  their  original 
habits,  we  must,  as  Count  Sternberg  observes,  transport  out 
thoughts  to  an  epoch  when  the  vast  tracts  now  occupied  by 
more  recent  marine  deposits  were  still  beneath  their  patent 
ocean,  from  which  scattered  groups  of  primitive  islands  alone 
emerged,  covered  by  the  vegetation  of  which  these  relics  arfe 
still  preserved.  The  rivers,  which  in  such  a  condition  of  things 
could  have  existed  only  as  torrents,  would  frequently  tear  up 
this  vegetation,  and  deposit  it  along  the  bottom  of  the  adjacent 
basins. 

The  vegetation  of  a  country  covered  with  lakes  and  marshes 
consists,  along  the  margin  of  the  waters,  in  gramina,  and  par* 
ticularly  arundinaceous  and  other  aquatic  plants ;  and  on  the 
hills  rising  above  the  level  of  those  waters,  but  still  in  their 
neighbourhood,  in  various  trees,  shrubs,  ferns,  &c.  And  such 
is  in  effect  the  ancient  vegetation  which  we  are  now  consider- 
ing. It  offers  but  few  genera,  and  on  the  largest  allowance 
not  more  than  400  species.  The  trunks  or  stems  thus  dis- 
covered belong  principally  to  arundinaceous  plants,  approxi- 
mating to  those  now  known,  and  to  a  very  peculiar  order, 
distinguished  by  the  cortical  part  being  entirely  covered  by 
regular  impressions  resulting  from  the  petioles  of  fallen  leaves, 
ranging  round  them  in  spiral  lines ;  these  have  been  supposed 
to  belong  partly  to  the  Palmaceous  order,  and  partly  to  anoma-i 
lous  forms,  constituting  a  transition  between  these  and  the 
coniferous  plants  ;  such  a  link  has  been  already  established  in 
Professor  SprengePs  Natural  System.  We  muSt  observe,  how- 
ever, that  so  much  of  their  organization  is,  in  their  present 
state,  not  capable  of  being  ascertained;  and  so  much  of  what 
can  be  ascertained  entirely  mi  generis^  that  any  attempts  even 
at  assigning  the  natural  class  to  which  they  belong  must  be 
received  with  great  hesitation. 

Other  trunks  have  a  fluted  character. 

Of  the  leaves  which  occur  in  the  coal  strata,  many  undoubt- 
edly belong  to  the  order  Filices  ;  others  have  been  but  perhaps 
on  insufficient  ground,  referred  to  Hippuris  Equisetum,  &c. ; 
these  we  shall  specify  in  the  following  detail. 

To  consider  these  remains  more  particularly,  we  shall  begin 
with  those  of  trunks  or  stems ;  and  here  we  shall  be  materially 
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Assisted  by  the  accumte  and  precise  figures  of  CQ^Qt  SterDberg,f 
and  b>  the  investigations  of  Mr.  Steiahauer,  who,  in  a  very 
'Vaiuable  but  perhaps  occasionally  rather  fancifql  memoir,  printed 
10.  the  Transactions  of  the  American  Philosophical  Society,  b^^ 
described  many  of  the  remains  of  this  class  Mrhicb  he  ha4  ^o^ 
}ected  during  his  residence  in  England  fr^m  p^r  coal->fields. 

I.  We  shall  begin  with  the  Jrundinac^ous  plunts^  to  which 
the  generic  name  Calamiies  ha^  been  applied  by  Sternberg  9J^ 
.^hlQtheim. 

Par]LinsQa,  O.  B.  vqI.  1.  pi.  3.  fig.  3*    Llnid  tab*  ^.  fig« 

184—6. 
Steinhauer,  PI.  5.  ^g,  1.  2.     Matin's  Pet,  Derb*  Plaies 

8.  «d.  36. 
Schlottheim,  PI.  30.  Sternberg,  PL  13.  fig.  3. 
Generic  character.  A  joiiited  stem,  longitudinally  striated* 
In  the  most  perfect  specioieiis  (which  hate  been  feiuad  mapy 
feet  long)  the  termioatioA  is  in  a  coni^^l  poi^t ;  and  the  b^M^ 
of  each  joint  in  the  upper  part  appears  to  have  been  surrounded 
with  a  whorl  of  leaver.  Some  specimens  are  fiqe^y  striated> 
.jOtbers  widely.  The  joints  are  spmetimes  shprt,  aon^times  lopg  ; 
so  that  either  there  must  have  been  great  variety  in  diSerent 
individuals  of  this  species,  qr,  which  i^  mo^t  probable,  it  forq^ 
8)n  ei^teiisive  genius  comprehending  ii^any  species,  Some  speel- 
loens  much  resemble  the  young  shoots  of  the  Surin^iii  ban^bP^ 
(Stein hau^'r) ;  but  Sternberg  obsei-ves,  "  elles  se  distipgue^t 
d^s  bambousiers  eu  ce  que  le9  divisions  n'en  scmt  point  fuar- 
quees  par  des  noeuds  saillans,  mais  p#F  des  e^ti|r^9 ;  §l|§s 
^out  en  putr^  rayees  phis  distinctement." 

II.  Stems  surrounded  with  impressions  of  the  pttbiebpiefit  qf 
leti^s  spirally  or  quincuncially  dispo^d* 

A.  Variolate  or  Verrucate.  (Yariolariipe,  Sternberg.) 
Generic  character*  Stem  surrouuded  by  verrucate  impres* 
.  sions  or  depressed  areolae,  with  a  ri^ifig  in  the  middle  having  a 
central  speck,  'these  areolae  are  very  like  the  p^pill^e  of  tjie 
Jxhinus  papillatus;  they  sqnpprt  long  cylindrical  ^^d  seem- 
irigly  tubular  acini  or  leaves  r  Mr.  Steinhauer  imagined  that  he 
bad  traced  these  aciui^  as  he  calls  them?  extending  in  rays  to 
'the  distance  of  20  feet,  round  a  stem  of  this  kind  lying  hori- 
zputally  in  a  soft  bed  of  clay ;  and  infers,  from  their  position^ 
that  the  stem  had  grown  horizontally  in  its  present  position^ 

•  In  referring  to  the  foreign  works  of  Sternberg,  Scblottheiin,  ^c.  we 

have  boen  careful  to  cite  pnly  §uph  sppcie*  as  hud  fallep  yoder  our  own 

' fAiserVatioxi  ftom  the  English  coal-pits;    we  believe,  however,  that  the 

▼egeution  of  the  continental  coal  stata  and  our  own  is  dhuilar  (iaroughouti 

With  verjr  £bw  SKctptiogi. 
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vegetating  amidst  the  mud :  but  we  must  surely  attribute  this 
improbable'  idea  to  an  error  of  observation. 

The  stem,  ia  its  present  state,  generally  exhibits  a  solid  but 
often  compressed  cylinder  of  sandstone  or  clay,  invested  with 
-a  carbonaceous  coat;  it  has  usually  a  deep  groove  running 
along  one  side,  and  in  its  interior  an  included  cylinder  may  be 
observed,  traversing  the  sandstone  in  a  direction  parallel  to, 
but  not  coincident  with,  the  axis  of  the  stem,  approaching 
-more  nearly  to. its  grooved  side. 

Mr.  Steinhauer  considers  this  as  representing  the  pith,  which 
resisted  decomposition  longer  than  the  ligneous  portion;  he 
accounts  for  its  position  by  supposing  that  it  subsided  towards 
the  side  of  the  decomposing  plant  which  lay  lowest  (in  which 
point  he  says  it  is  always  found),  and  attributes  the  groove  to 
a  rise  in  the  middle  of  the  inferior  surface  of  the  matrix  in 
which  it  lay,  squeezed  upwards  by  the  unequal  pressure  of  the 
incumbent  mass  while  unequally  consolidated.  These  views, 
however,  we  cannot  entirely  adopt,  but  rather  regard  these 
remans  as  having  proceeded  from  a  succulent  plant  which 
never  had  a  much  larger  portion  of  ligneous  fibre  than  that 
which  has  shrunk  into  the  carbonaceous  investment  still  sur- 
rounding it.  It  is  probable,  however,  that  the  included  cylin* 
der  may  represent  the  pith,  but  it  b  said  that  other  smaller 
longitudinal  tubuli,  parallel  to  the  above,  may  be  traced 
through  its  substance.  A  termination  has  been  in  one  instance 
observed,  drawing  from  a  thickness  of  three  inches  to  an 
obtuse  point ;  the  trunk  has  also  been  seen  subdividing  into 
two  nearly  equal  branches. 

The  diameter  is  from  two  or  four  (the  most  usual  size)  to 
even  twelve  inches. 

Sternberg  believes  that  the  family  to  which  this  plant  be- 
longed must  have  had  many  analogies  with  the  arborescent 
Euphorbiae  and  the  Cacti.  On  the  whole  it  seems  certain  that 
these  also  must  have  been  succulent  plants;  only  one  specie^ 
is  certainly  known. 

Steinhauer,  PL  4.  fig.  1  to  6.     Martin,  Pet.  Derb.  PI. 

11.  12.  13. 
Parkinson,  O.  R.  vol.  1.  Pi.  3.  fig.  1.   Sternberg,  Pi.  12, 
fig.  1.2. 
The  leaves  or  acini  are  beautifully  shewn  in  this  last  figure. 

B.  The  leaf-bearing  impressions,  forming  scales  spirally 
surrounding  the  stem. 

Lepido  dendra  (Sternberg^  from  Atvts  a  scalC)  and 

,  ^tv^fov  wood. 
PhytolUhi  cancellati  (Steinhauer  and  Martm.) 
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Count  Sternberg,  taking  for  the  basis  of  his  arrangement  the 
varieties  in  the  configuration  of  the  circumambient  scales,  haa 
divided  this  family  thus : 

Tribus  1.  (Lepidotce)  squamis  convexis. 

a.  scutatae.     Species  7.  figured  in  his  first 
part,  and  mauy  additional  in  the  second. 

b.  escutatas.  Species  1. 

Tribus  2.  (Aheolarice)  squamis  subconcavis.  Species  3. 

These  general  divisions  may  probably  stand,  but  the  sub- 
division into  species  appears  to  require  reconsideration ;  for 
the  character  assumed  as  the  basis  of  the  classification — the 
figure  of  the  scales — appears  to  vary  in  different  parts  of  the 
same  individual,  as  will  be  obvious  in  comparing  the  scales  on 
the  basis  of  the  stem,  and  the  branches  and  extreme  shoots  of 
Sternberg's  first  species  ;  and,  if  Steinhauer's  observations  are 
correct,  a  still  more  formidable  difficulty  will  oppose  itself  to 
the.  use  of  this  character  without  extreme  caution ;  for,  accord- 
ing to  him,  the  impressions  of  the  different  integuments  o£ 
these  stems,  (or  as  he'  calls  them  from  the  parts  of  the  original 
plant  whence  he  conceives  them  to  have  resulted)  the  epider- 
mal,'  cortical,  and  ligneous;  impressions  of  the  same  species, 
present  varieties  of .  aspect  which  at  first  sight  appear  quite 
irreconcilable:  we  proceed  to  such  of  his  species  as  we  are 
acquainted  with  among  the  English  series,  and  as  are  clearly 
distinct. 

1.  Lepidodendron  dichotomum.  S.  C.  Stem  dichotomous 
uid  branching ;  iow:er  scales  obovate :  superior  scales  rhom- 
boidal,  scutate  in  the  middle,  the  sc^ta  marked  horizontally 
with  three  glandules  at  the  insertion  of  the  leaves;  narrow 
linear  leaves  1^  to  18  inches  long. 

Sternberg  figures  a  magnificent  specimen  12  feet  long,  seve- 
ral of  the  extreme  shoots  surrounded  by  their  long  acicular 
leaves,  and  in  one  instance  assuming  an  appearance  like  in- 
frutescence ;  thus  much  more  is  known  of  this  than  of  any 
other  among  the  coal  plants.  Detached  parts  are  frequent  in 
our  own  coal.  Sternberg  observes,  ^<  la  stature  elancee  de  ceB 
arbres,  la  dichotomie  des  branches,  les  feuilles  extremement 
longues  et  etroites,  qui  en  environnent  les  tiges  sur  lesquelles 
elles  sont  rangees  en  spirales  continues,  sopt,  si  je  ne  me 
trompe,  des  indices  characteristiques  d'une  esp^ce  d'arbre 
inconnue." 

Martin  Pet.  Derb.  T.  50.  represents  the  middle  of  the  stem 
at  T.  14.  upper,  and  perhaps  also  lower  figure,  its  extreme 
shoots.  '       ' 

Str^mberg's  2iid,  4th,  and  7th  species  we  ^e  not  eertain  of 
as  English  fossils. 

2u2 
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HIi  drd  (L^hhdendroH  acukAtuttt),  5th  <L.  riittxiMi^), 
ftft4  0tti  (£^.  QBdulattttn),  at  firet  sight  *{ip«tr  gveMf  A§ 
resemble  those  represented  by  Steinbatter,  as  the  epid^irtnalj 
cortical,  and  ligneous  impressions  ^  a  sitigie  opecles,  and 
ig^red  by  htm  Plate  6*  (if « 2  to  6.  If  his  ideas  are  correct, 
he  Well  deseribes  it  as  n  protean  fo«s|l ;  he  assures  us  that 
he  has  traced  frequetttly  two  of  these  impressions  in  the  same 
Bpecimen  t  ^'  it  frequently  happens  that  the  c^t  md  impres- 
sioii  are  ftom  diS^re^t  integumettts^  the  space  sepamtin|^ 
thenA  being  occupied  by  carbonised  or  bttuminis^  ^egetabli* 
fiiattet ;  sometimes  the  impression  was  epidermal  and  tbe  call 
eortical ;  at  other9^  both  impression  aikl  cast  were  fi*em  tiii 
Mne  Integument.  The  manner  of  aceininting  far  these  ta^ 
Hetie45/^  ho  adds,  ^'  is  obvkms ;  it  <mly  requtrea  ns  to  snppMi 
the  cast  aud  the  impression  or  matrix  to  have  been  fartted 
While  part  of  these  integuments  were  still  in  their  m^tal 
state,  which  being  thus  inchws^d  Was  afterwards  changed  hitd 
bitttmeH  or  carbon." 

The  above  paragraph  was  Written  beflM^e  the  pvbli^atidn  •f 

the  second  part  of  Count  Sternberg*^  work,  and  the  less  perfect 

sfite  ^  the  epidermal  impression  ignred  by  Mr.  Steinholiet 

f^ndered  It  difficult  to  institute  an  exact  comparison.    In  th^ 

$eeoHd  part  of  the  Ceunfs  wnfk^  howeTer,  he  fignres  ano^l^f 

^ecies  t^f  L.  Lycopodlodea,  T*  16.  fig.  1.  9.  4.  which  appeal 

much  more  exactly  coincident  with  Steinhauer's  figure,-  and  Itt 

these  figures  the  difference  of  the  external  and  internal  Im* 

pfesaion  will  be  see)i  distinetly  exhibited.    We  still,  howel^ 

feel  inclined  to  consider  the  5th  and  ith  species  of  Stembe}i| 

l»  corresponding  with  Steinhauer's  cortical  and  ligtieou&  itftv 

pressions.     Sternberg  gives  the  followh^g  apeeifit  chametera%    - 

L.  LgaypoHodes.     Cbndice  arboree,  dichotome  ramose, 

squamis  rhomboidalibus  utrinque  acuminatis  scuto  subleirti 

tantum  distinguendo  i^c  definiendo. 

Steinhauer's  memoir  adds  that  ^^  The  appearance  of  aetti^ 
specimens  seems  strongly  to  suggest  the  idea  that  the  bark  WM 
famished  with,  or  composed  of,  streng  longitudinal  fibres^  and 
tilmost  all  betray  a  tendency  io  be  striated  m  a  Vertical  difee* 
tlon." 

"  The  few  specimetta  which  afibrd  traces  of  a  pith  inferfii  ift 
that  it  also  was  very  finely  striated  in  a  longitudinal  ditectiian, 
but  afford  us  no  further  information  respecting  the  intemal 
ot^unisalii^  of  the  ortgnaL" 

I^  quatitity  of  cealy  matter  investing  these  apeeimefta  ^ 
more  considerable  than  in  the  former  cases. 

MMtln's  Pet«  Detb«  Plate  13.  «ppeai«  referable  to  «ae  o( 
the  appearances  above  described. 
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Tbm  Becoed  division  (EiCulatm)  of  Sternberg's  firit  tribe  of 
this  family  contains  but  one  species^  which  has  not  yet  been 
described  from  our  coal-pits. 

Of  his  second  tribe^  AlveotacoB^  he  only  figures  one,  though 
he  refers  to  three  species.  The  one  species  figured  by  him 
has  not  been  described  as  English,  but  Steinhauer  gives  t9f6 
species  under  the  names  Phytolithus  tesselatus,  Plate  7.  fig.  %• 
and  Phytolithus  notatus,  PI.  7.  fig.  6.,  which  clearly  belong  to 
this  tribe,  and  might  stand  in  Sfernberg's  arrangement  aH 
Lepidode&dron  tessellatum  and  L.  notatum. 

The  species  of  this  tribe  are,  howeter,  always  fluted  longi«. 
tudinally,  and  thus  approach  to  the  fluted  specimens  teti* 
nftuting  the  family  Syringodendron  of  Sternberg ;  and  as  the 
scales  only  appear  oo  the  outer  or  epidermal  impressions,  th^ 
internal  or  ligneous  resembling  the  appearances  of  the  Syrlngo» 
deadron  :  tiiSs  tribe  appears  to  require  fitrtl^r  examination, 

TIm  very  singttlar  Pfaytelkhas  parmatos  described  by  Sleifti 
hauer,  undoubtedly  belongs  to  the  Lepidodendra ;  Steinliawir^ 
Plate  6.  fig.  l.j  Plate  7.  fig.  1. ;  but  we  feel  uncertain  whether 
a  particuli^  sobdiTision  of  that  family  ought  not  to  be  created 
for  ks  lecqption.  The  surface  is  reticttlated  by  the  drcMi^ 
mmbicnt  spiral  rows  of  scides  as  befbm,  destitute  however  of  th* 
iBifks  so  interesting  in  the  Lepidodendron  acukatumy  btttig 
^mple  depressed  spaces :  ^  but  the  most  i^markable  and 
inexplicable  part  of  the  organisation  of  this  fossil  consists  in  t 
series  of  circular  or  oval  larger  scutillft  or  shields,  placed  close 
to  euch  other  in  a  right  line  across  the  surface''  (or  rather 
extending  in  a  longitii<tinal  row  down  it) ;  ^^  in  the  epidermal 
appearance  each  of  diese  is  sarrooaded  by  a  raised  matgiU) 
the  included  disk  swells  towards  the  ceatml  umbo  or  boss  ia 
carioasly  disposed  rug»  arranged  ia  a  manner  slightly  resetn*- 
bling  the  curves  on  the  back  of  an  engine-turned  watch  ease^ 
and  the  boss  is  generally  more  or  less  excavated  in  the  centre^ 
These  shields  «re  often  two  inches  or  more  in  diameter ;  their 
series  is  bounded  on  each  side  by  a  rather  indistinct  ridge^ 
beyond  which  the  usual  reticulated  or  squamous  appearance  of 
the  surface  may  be  observed.*^ 

^  The  total  appeanmce  of  the  fossil  has  a  curious  resemblance 
to  that  of  sooie  of  the  JungennaBisi  preparing  for  fructificatiOB^ 
when  highly  aiagnified.^ 

Mr*  Ailaa  has  described  aad  figured  in  the  Edinburgh  Philo« 
aophical  Tiunsactioiis  for  18^1,  a  much  more  complete  spedmoA 
«f  tiiis  interostiog  species. 

III.  Wt  BOW  proceed  to  a  thifd  great  class  of  the  stems 
presenrtd  ia  the  coal-strata  ;^^hose  r«niarliable  for  a  fluted 
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fulface,  but  distinguished  from  the  Calamitae  by  having  no 
joints^  and  by  the  wider  intervals  between  the  flutings. 
Syringodendra  (Sternberg.) 
We  have  before,  however,  remarhed  that  some  of  the  figures 
referred  to  this  division  resemble  the  ligneous  impression  repre- 
sented by  Mr.  Steinhauer  as  belonging  to  the  Phytolithus 
notatus,  which  the  epidermal  impressions  would  refer  to  the 
second  tribe  of  Count  Sternberg's  Lepidodendra. 

1.  Syringodendron  organum  of  Sternberg.  T.  13.  fig.  1. 
resembles  the  ligneous  impression  of  Steinhauer  (PI.  7.  fig.  3.) 
above-mentioned* 

2.  Syringodendron  pes  capreoli  (Sternberg,  Pl.  13.  fig.  2.) 
closely  agrees  with  Phytolithus  Dawsoui  (Steinhauer^  Plate  4* 
fig.  2.) 

3.  A  Syringodendron  agreeing  with  Tab.  16.  ^g.  1.  Schlot- 
heim  Petrifactenkunde,  by  him  called  Palmacites  sulcatus,  is 
common  in  our  coal-fields. 

ly.  A  variety  not  reducible  to  any  of  the  above  heads,  is 
figured,  by  Steinhauer,  PI.  5.  fig.  3,  under  the  oame  Phyio* 
Uthus  transversus ;  a  cylindrical  trunk,  transversely  closely 
striated,  without  any  traces  of  leaves- or  fibres;  the  general 
s^pearance  like  that  of  a  large  earth  worm  ;  perhaps  a  creiepibg 
root. 

In  closing, this  branch  of  our  inquiry  into  the  coal-fossib^ 
we  naay  remark  that  in  all  of  them  there  is  but  very  little 
appearance  of  ligneous  matter;  the  carbonised  or  bituminous 
coat  surrounding  them,  and  a  few  traces  of  what  has  been 
called  the  Pith,  forming  the  whole  representatives  of  any  sub- 
stance of  that  nature ;  the  main  body  consisting  of  an  inoi^ganic 
mass  of  clay  or  sandstone,  most  unequivocally  mechanical  in  its 
origin.  If  these  trunks  had  ever  presented  solid  woody  masses, 
it  is  almost  impossible  to  conceive  how  such  a  substitution  of 
materials  could  have  taken  place ;  and  what  is  more  important, 
it  is  quite  contrary  to  the  analogy  of  the  changes  which  wood 
transferred  into  a  fossil  state  is  in  every  other  instance  found  to 
undergo ;  for  if  we  examine  the  numerous  fragments  of  wood 
found  in  the  London  clay,  the  oolites,  and  lias,  we  shall  find  that 
it  has  been  either  simply  carbonised,  or  else  charged  by  infil* 
tration  through  its  pores  with  calcareous  spar  or  pyrites ;  the 
veoody  structure  and  fibre  being  in  every  case  distinctly  pre* 
served ;  and  even  in  that  more  remarkable  change  in  whith  wood 
passes  by  a  siliceous  infiltration  into  the  state  of  wood-opal^  its 
original  structure  is  still  preserved,  often  in  its  minutest.  paHs^ 
and  the  woody  fibre  seems  rather  masked  by  its  siliceotts  jntl^t* 
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ment  than  destroyed.*  But  if  we  suppose  the  originals  of  the 
coal-plants  to  have  been  succulent  vegetables,  this  difficulty  will 
Vanish,  and  many  of  them",  as  we  have  seen,  resemble  this  class 
rather  than-  any^  other.  It  is  more  easy  too  to  conceive  how 
plants  of  a  marshy  seat  should  have  been  washed  down  into  the 
basins  which  now  constitute  our  coal-fields,  and  there  covered 
with  deposits  of  sand  and  clay,  &c.,  for  the  fact  will  then  be 
analogous  to  what  is  often  observed  in  the  present  day  on  the 
borders  of  our  lakes. 

These  plants  are  sometimes  parallel  to  the  coal-strata  in  which 
they. lie,  sometimes  shoot  as  it  were  through  them  perpendicu* 
larly,  and  have  been  observed  in  this  latter  position  rising  15 
feet  or  more.  Mr.  Trevelyan  has  drawn  some  striking  examples 
of  this  exhibited  in  the  cliff's  of  the  Durham  and  Northumber- 
land coast :  these  positions  probably  arose  only  from  the  distri- 
bution of  gravity  in  the  trunks  as  they  subsided  amidst  the  thin^ 
loose,  and  unconsolidated  materials  of  the  strata  in  which  they 
are  buried. 

Mr.  Brongniart  has  published  in  the  Annales  des  Mines  for 
1821,  a  plate  exhibiting  many  of  these  erect  stems,  from  the 
open  coal  mines  of  St.  Etienne,  Department  de  la  Loire. 

The. above  statements  will  shew  that  the  accounts  which  have 
been  given  of  trunks  closely  resembling  peeled  oaks,  &c.  dis- 
covered in  our  coal-fields,  must  have  originated  in  the  hasty 
judgment  of  an  eye  unpractised  in  examining  these  remains. 

The  roots  of  these  stems  have  in  few  instances  been  ascer- 
tained. Mr.  Brewster,  however,  in  the  Edinburgh  Phil.  Trails, 
for  1821,  figures  a  stem  with  branching  roots  found  at  Nites- 
hill,  but  the  whole  of  the  external  carbonaceous  coat  bein^ 
, stripped  off,  its  species  cannot  be  identified.  C!ount  Sternberg 
has  figured  in  his  second  part,  T.  14.  a  magnificent  specimen 
of  the,  trunk  of  Lepidodendrun  aculeatum,  in  which  the  base 
spreads  out  in  a  sudden  concave  swell. 

Sternberg,  in  the  second  part  of  his  great  work,  has  instituted 
the  new  genera  Schlotheimia,  Annularia,  and  Rotularia,  from 
some  of  the  verticillate  leaves  above  alluded  to:  his  generic 
characters  are 

Schlotheimia. — Candex  articulatus  ad  articulos  con- 
tractus verticil lo  foliosus.  Both  the  species  he  describes 
occur  in  the  English  mines. 

Annularia. — Folia  in  verticillum  disposita  annulo  pro- 
prio  inserta.  We  may  cite  ^.  reflexa,  T.  19.  fig.  5.  as 
occurring  in  our  mines. 

*  The  greatest  quantity  of  woody  matter  in  the  coal  strata  we  hsLVd 
•▼er  seen  was  an  irregular  compressed  stem  about  two  inches  thick|  which 
more  resembled  a  tuberose  root  than  any  thing  else. 
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Retulariu. — ^Folia  Verticiilatft  in  parT«  rotir  fonMW 
azpanss. 

Jl.  cuneifolia^  T.  Up  fig.  4.  is  very  common  ia  owr  c^^ 
mioes.    See  Parkinsoo,  org.  rem*  vol.  I*  pl»  d.  %»9. 

£r«^  impre$mn$* 

We  have  alread  j  mentioned  the  leayes  belonging  to  the  ta* 
rious  stems  above-described,  when  they  could  be  clearly  ascer- 
taioed  ;  those  we  have  now  to  considex  are  probably  in  the  great 
'majority  of  instances  quite  distinct  from  them,  and  are  generally 
indeed  found  in  distinct  strata :  they  appear  to  belong  to  lotr 
shrubby  vegetables,  such  as  ferns,  rather  than  to  arborescent 
plants. 

In  this  branch  of  the  inquiry  we  have  to  regret  the  want  of 
good  and  accurate  figures  of  English  specimens  to  whkh  v^ 
might  refer.  We  may  mention  another  difliculty  which  affects 
the  subject  generally :  a  few  detached  leaves,  or  single  pinnW, 
afiford  a  very  imperfect  vjew  of  the  general  infropdescence  of  a 
plant,  and  the  appearances  of  the  imperfectly-developed  leaves 
of  the  )  oungest  snoots  may  often  be  mistaken  for  thd  mariLS  of 
distinct  species.  The  subject  requires  rather  to  be  studied  from 
the  large  slabs  in  the  coal-pits  themselves,  than  from  the  small 
and  mutilated  fragments  which  find  their  way  into  ci^inets^ 
Count  Sternberg  unites  these  requisite  and  local  advantages  with 
all  tiie  precision  of  science,  and  when  his  work  shall  have  beeiii 
continued  so  as  to  include  these  remains,  much  new  light  will 
probably  break  in :  at  present  Schlotheim's  figures  in  his  Fiora 
der  Vorwelt  appear  to  be  the  best  extant. 

A.  The  first  class  of  leaves  we  shall  consider,  are  those 
/which  are  VerticiUate. 

Martin.  Pet.  Derb.  T.  20.  Schlotheim,  1.  2.  3.  4, 
There  are  sereral  varieties ;  the  leaves  in  some  more,  in  others 
IfiMf)  nameroiis ;  sometimes  pointed,  at  others  truncated  aad  sei^ 
nttd  at  the  end ;  sometimes  there  appears  to  be  only  a  siugte 
stem  bearing  these  verticillae ;  this  is  often  striated,  and  appear 
ta  1^  gmaller  varieties  of  those  which  we  have  already  distin- 
goiahed  as  Calamity ;  perhaps  young  iodlvid)aals  of  them :  at 
other  times  the  verticilla;  appear  to  issue  from  jointed  branches 
9t  right  angles  to  the  main  stem. 

These  impressions  have  been  compared  by  different  authors 
to  Hippuris  Equisetum,  Asperula,  GaUum,  Rufaia^  Molluga, 
and  Casuarina:  a  list  quite  sufficient  to  sbev  the  estire  uncer- 
tainty of  the  subject* 
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B.  Filiciform  leares.  The  following  may  be  mentioned  as 
the  principal  varieties. 

1.  Martin,  Tab.  10.  Park.  o.  r.  pi.  4.  fig.  1.2.  Schloth^ira, 
Bg.  22 ;  Pinnae  decurrent  and  alternate ;  by  some  considered  as 
a  Pteris,  by  Schlotheim  an  uoknown  species  of  Polypodinm  or 
Lonchitis. 
;  2.  Schlotheim,  fig.  7.  8.  Pinnae  decurrent  and  al- 
ternate, supposed  Pterls  aqoilina ;  fig.  8  is  closely  related  to 
Parkinson's  O.  R.  pi.  4.  fig.  1. 2.  there  considered  as  an  osmunda. 

3, — -Schlotheim,  fig.  11.  Pinnoe  sessile,  alternate; 

supposed  Polypodium  oreoptieris;  the  other  supposed  Polypodia 
figured  by  Schlotheim  fig.  9.  13.  14.  15.  are  likewise  found  in 
our  coal-fields ;  fig.  9  agrees  with  Parkinson's  O.  R.  pi.  4.  fig.  7. 
and  fig.  14  with  pi.  5.  fig.  9. 

4.  Osinnnda  gigantea.     Sternberg,  Tab*  22. 

5.  Parkinson  figures  a  plant  with  five-lobed  petiolate  leaves, 
plate  4.  fig.  5.  and  compares  it  with  Dicksonia. 

6.  In  plate  5.  fig.  2.  of  the  same  work  is  a  plant  with  three* 
lobed  petiolate  leaves  compared  to  Adianthum. 

7.  Schlotheim,  fig.  18.  a.  also  compared  to  Adianthum,  but 
widely  different  from  the  last. 

C.  Kidney-shaped  leaves,  figured  by  Martin,  Pet.  Der.  T.  34. 
fig.  1.  2.  are  also  common  in  the  coal-fields;  as  they  somewhat 
resemble  the  expanded  wings  of  the  papilionaceous  tribe,  they 
have  given  rise  to  a  fanciful  account  of  the  discovery  of  fossil 
bntterfiies  in  Fletcher  of  Madeley's  curious  description  of  the 
great  landslip  in  that  neighbourhood. 

D.  Impressions  resembling  Conferva;,  not  figured. 

Pericarpial  remains. 

Specimens  referable  to  this  class  appear  to  be  figured  in  Mar- 
tin's Pet.  Derb.  T,  21.  51.  53;  but  we  will  not  hazard  any  ob- 
servations on  them. 

The  greater  abundance  of  these  vegetable  remains,  and  their 
importance  in  illustrating  the  probable  history  of  the  coal-for- 
mation, have  induced  us  to  depart  from  our  usual  arrangement, 
in  giving  the  precedence  to  these  before  entering  on  the  consi- 
deration of  those  derived  from  the  animal  kingdom,  which  are 
very  rare  and  entirely  confined  to  a  few  species  of  Testa cea  ; 
excepting  that,  in  one  instance,  a  fragment  supposed  to  have 
been  part  of  the  radius  of  a  Balistes  has  been  found. 

About  the  middle  of  the  coal-series  in  Derbyshire,  however^ 
«nd  in  the  ninth  bed  of  shale  (reckoning  in  the  ascending  order) 
a  bed  of  ironstone  occurs,  which  is  go  full  of  different  species  of 
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Mytili^  &c.  as  to  be  distinguished  by  the  name  of  the  muscle" 
band.  It  will  be  seen  by  the  following  list,  extracted  from 
Mr.  Farcy's  Index  to  Sowerby's  Mlnefal  Coqchology,  that  Tes- 
tacea  are  also  found  in  some  of  the  other  beds. 

Chambered  Univalves. 

Stratum  in  'wluth  found, 

^mmomiesUsten.    (p.  13?.  Sowerby*s 

Brit.  Min.T.  435) 
j^mntontYef  Walcotii.       T,  106. 


8d.  Shale. 
Argillaceous  iron- 
stone, Coalbrook  D. 

3d.  Shale. 


<?rMoctfra  Steinhauerl.    T.  80.  fig.  4. 

Bivalves. 

Terebratula  crumena.  T.  83.  ^g.  2.  3.  1st.  Shale. 

jAngula  Mytiloides.  T.  19.  fig.  1.  9.  9th.  Shale. 

Mjftilus  crassus.  Brit.  Min.  T.  386.  Ibid. 

KiMjacutus.  T.  33.  fig.  6. 6.7.  Ibid. 

17.  uniformis.  T.  33.  fig.  4.  Ibid. 

t/l  subconstrictns.  T.  33.  fig.  1.2.3.  12th.  Shale. 

The  localities  given  are  all  in  Derbyshire,  and  the  beds  are 
numbered  in  an  ascending  order. 

'.  A  most  important  question  with  regard  to  the  inferences  to 
be  deduced  from  these  shells,  as  affecting  our  conclusions  con- 
cerning the  circumstances  under  which  the  coal-deposits  were 
formed,  here  presents  itself; — do  they  belong  to  the  marine  or 
fluviatile  class  ? 

There  can  be  no  doubt  that  the  Ammonites,  Orthocera,  and 
Terebratula  ace  marine;  but  on  the  other  hand  the  Unios  have 
been  considered  as  fluviatile,  and  the  Mytilus  crassus  as  belong- 
ing perhaps  to  the  fluviatile  genus  Anodonta.  We  are  greatly 
inclined,  however,  to  hesitate  in  admitting  these  representations^ 
it  is  indeed  well  known  to  conchologists  that  the  genus  Unio 
was  instituted  in  order  to  separate  the  fluviatile  from  the  ma- 
rine muscles ;  but  it  must  be  equally  known  to  the  students  of 
fossil  conchology  that  the  form  of  hinge,  assumed  as  its  dis- 
tinguishing character,  belongs  to  several  species  found  in  a 
fossil  state,  under  circumstances  that  preclude  the  suspicion  of 
their  being  other  than  marine :  thus  shells  called,  on  account 
of  their  hinge,  Unio,  are  found  in  many  of  the  oolites,  the  lias, 
&c.  (see  the  lists  of  those  formations) ;  these  occur  with  shells 
undoubtedly  marine,  and  are  too  numerous,  and  too.  constantly 
attendant  on  the  strata,  to  be  considered  as  fluviatile  shells  ac- 
cidentally introduced.  Now  some  of  the  so-called  Unios  which 
occur  In  the  oolitic  series,  are  closely  allied  to  those  of  the 
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coaUmeasUres,  and  as  we  are  nearly  certain  thejr  are  marine  in 
the  forme',  we  can  have  no  good  reason  to  pronounce  them  cer- 
tainiy  fluviatile  in  the  latter :  it  is  ii«*?erthele8s  very  remarkable, 
that  these  problematical  sheHs  are  the  only  ones  at  all  commons 
in  the  coai-measures^  and  that  remains  of  undoubtedly  marine 
origin  should  be  so  very  lare ;  we  shall  however  find  in  the  next 
section,  that  in  the  millstonc-grit  and  shale  formation  the  alter- 
nation of  coal"Strata  with  calcareous  beds  of  marine  origin  is 
clearly  ascertained. 


-  We  proceed  briefly  to  notice  the  theoretical  deductions  con- 
cerning the  origin  of  the  coal-formation,  and  the  circumstances 
under  which  this  singular  collection  of  strata  were  accumulated, 
which  may  be  built  on  the  nature  of  the  remains  they  include. 

It  has  been  argued  from  the  abundance  of  vegetable  remains 
in  the  coal-field,  as  well  as  from  the  composition  of  the  coal 
itself,  that  this  mineral  owes  its  origin  to  the  vegetable  king- 
dom ;  but  it  has  been  contended,  on  the  other  hand,  that  if  w« 
ascribe  this  origin  to  the  strata  of  coal,  we  are  bound  by  parity 
oT  reasoning  to  maintain,  that  all  calcareous  beds  have  been 
formed  from  the  detritus  of  shells,  because  in  many  such  beds, 
abundance  of  testaceous  remains  are  preserved,  and  the  same 
analogy  of  composition  also  exists  in  this  instance ;  and  it  \% 
farther  urged  that  as  such  an  origin  cannot  with  any  plausibility 
be  ascribed  to  the  anthracite  and  plumbago  which  occur  in  pri- 
mitive rocks,  so  neither  ought  we  to  ascribe  it  to  substances  so 
similar,  when  found  in  this  part  of  the  series. 

The  force  of  these  objections  must  be  duly  allowed;  yet 
when  we  observe  the  remains  above  described  so  peculi^ly 
characterising,  by  their  abundance,  the  carboniferous  strata; 
when  we  observe  the  cortical  part  of  these  vegetables  generally 
converted  into  a  coal  identical  with  the  contiguous  strata  of  that 
mineral ;  and  when  we  observe  in  the  lignites  of  Bovey  Heath-* 
field,  the  most  decided  wood  pass  into  a  substance  nowise  dif- 
fering'from  common  coal  in  chemical  characters,  the  impression 
left  on  the  mind  seems  clearly  in  favor  of  the  hypothesis  which 
derives  these  fossil  combustibles  from  the  vegetable  kingdom, 
and  this  opinion  is  strongly  sanctioned  by  the  experiments  and 
inferences  of  Hatchett  and  Mac  CuUoch. 
'  The  nature  of  the  remains  found  in  the  coal-strata  gives  no 
countenance  to  the  idea  that  the  bituminization  of  animal  mat- 
ter can  in  any  sensible  degree  have  contributed  to  form  them. 
'  How  then,  on  the  above  supposition,  are  \ve  to  account  for 
such  a  surprising  accumulation  of  vegetable  matter  arranged  in 
repeated  strata  (sometimes  to  the  number  of  sixty  and  even 
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more  in  a  single  district,)  separated  from  each  other  bj  inter* 
vening  deposits  of  clay  and  sand? 

*  It  seems  certain  that  the  coal-strata  were  deposited  within, 
and  perhaps  along,  the  borders  of  great  accumulations  of  watery 
whether  fresh  or  salt;  the  testacea  occurring  in  them  Sttfii« 
ciently  prove  this ;  and,  as  we  have  seen,  it  is  also  certain  tha€ 
in  some  periods  of  the  coal -formation  (and  more  especially  with 
regard  to  those  beds  of  coal  which  are  occasionally  associated 
with  the  millstone-grit  and  limestone  shales. to  be  described  in 
the  next  section)  the  water  was  salt,  and  that  the  evidence  of 
its  ever  having  been  otherwise  is  far  from  convincing.  It  hardly 
seems  necessary  therefore  to  have  recourse  to  a  series  of  reciw 
procating  inundations  of  the  sea  and  fresh-water  lakes ;  but  we 
may  more  naturally  suppose  these  deposits  to  have  been  entirely 
formed  within  the  former,  and  their  dispositiim  in  limited  basins 
seems  farther  to  indicate  that  they  were  accumulated  in  fi^hs 
or  a^stuaries. 

Now  the  partial  filling  up  of  lakes  and  aestuaries  offers  us  the 
only  analogies  in  the  actual  order  of  things  with  which  we  can 
compare  the  deposits  of  coal ;  for  in  such  situations  we  often 
find  a  series  of  strata  of  peat,  and  sometimes  submerged  wood^ 
alternating  with  others  of  sand,  clay,  and  gravel,  and  presenting 
therefore  the  model  of  a  coal-field  on  a  small  scale',  and  in  an 
immature  state. 

'J'he  lignites  of  Bovey  Tracey,  which  seem  evidently  to  have 
been  accumulated  (but  at  an  earlier  period)  in  the- filling  up  of 
an  aestuary,  are  disposed  in  regular  strata  (see  the  section  giv^n 
in  the  first  volume  of  Parkinson's  Organic  Remains)  alternating 
with. clay  and  gravel  evidently  derived  from  the  detritus  of  the 
neighbouring  granitic  chains.  The  thickness  of  the  beds  in  this 
instance,  and  the  structure  of  the  whole  deposit,  give  it  a  still 
nearer  resemblance  to  a  regular  coal-field.  Wc  must  here  sup<* 
pose  the  wintry  torrents  to  have  swept  away  a  part  of  the  vege- 
tation of  the  neighbouring  hills  and  buried  them  in  the  estuary, 
together  with  the  alluvial  detritus  collected  in  its  course ;  the 
latter  would,  from  its  gravity,  have  sunk  first  and  formed  the 
floor ;  the  wood  would  have  floated  till,  having  lost  its  more 
volatile  parts  by  decomposition  and  become  saturated  with 
moisture,  it  likewise  subsided  upon  these,  being  perhaps  also 
loaded  by  fresh  alluvia  drifted  down  upon  its  surface ;  the  re- 
iterated devastations  of  successive  seasons  must  have  produced 
the  repetition  and  alternation  of  the  beds. 

In  this  instance,  then,  it  is  evident  that  these  or  similar  causes 
must  have  acted ;  and  if  we  suppose  a  like  order  of  caused  to 
have  operated  more  extensively  and  for  a  longer  period  during 
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the  fonnmtion  ^f  the  coal^trata,  we  shall  find  such  an  hypothesis 
saffiotently  in  accordance  with  their  general  phoenomena* 

It  seems  probable  that  the  coal -strata  were  originally  mnch 
more  nearly  horizontal  than  at  present,  and  that  they  owe  their 
present  contorted  disposition  to  subsequent  conyulsions.  In  the 
last  book  of  this  work  we  shall  h^ve  to  consider  eyidence  nearly 
demonstrative  of  this. 

It  may  be  objected  that,  If  the  coal  had  really  been  deposited 
in  aestuaries,  we  ought  tofiod  fuci  and  algae  among  its  yegetables  ; 
but  their  absence  is  only  a  circumstance  common  to  this  and 
every  other  formation,  though  the  great  majority  of  them  are 
undoubtedly  of  sub-marine  origin,  and  many  that  are  clearly 
such,  as  for  instance  the  Stonesfield  slate,  contain  other  vege- 
table remsuns. 

(d)  Range  and  extent.  This  article  is  necessarily  deferred^ 
from  the  arrangement  adopted  in  the  present  book,  to  the  chap- 
ters  which  treat  of  the  local  distribution  and  phoenomena  of  the 
coal-fields. 

(e)  Elevation,  The  particulars  referable  to  this  head  will 
likewise  be  found  incorporated  in  the  following  chapters ;  but 
it  may  be  stated  generally,  that  the  coal-measures  often  form 
bills  exceeding  ime  thousand  feet  in  height,  but  generally  in- 
ferior to  those  formed  by  the  subjacent  grit,  &c. 

{/)  Thickness,  The  greatest  ascerttuned  thickness  is  pro^ 
bably  that  of  the  Northumberland  series,  exceeding  180 
fathoms,  but  this  circumstance  varies  so  greatly  that  no  general 
remark  can  be  made. 

(^)  IncUnalion.  The  strata  are  generally  inclined,  and  fre- 
quently at  a  very  high  angle,  being  entirely  unconformable  to 
those  more  horizontal  beds  which  we  have  hitherto  described, 
%nd  which  overlie  them  ;  they  frequently  also  exhibit  contor- 
tions as  rapid  and  singular  as  those  which  have  been  so  often 
described  and  figured  in  the  transition  slate  rocks :  appearances 
of  this  kind  are  displayed  in  a  manner  particularly  striking  on 
the  coasts  of  Bridesbay  Pembrokeshire,  near  Littlehaven.  It 
may  be  observed  that  where  the  associated  solid  masses  of  lime- 
stone and  sandstone  are  elevated  in  high  angles,  but  still  dis- 
posed in  nearly  regular  planes,  the  more  tender  argillaceous 
beds  are  generally  twisted,  and  as  it  were  crumpled  together* 
The  Mendip  hills  and  adjacent  collieries  in  Somersetshire  afford 
an  excellent  illustration  of  this  fact,  which  strongly  suggests  the 
idea  of  a  mechanical  force  which  has  elevated  the  more  solid 
rocks  en  masse ;  while  the  more  yielding  materials,  giving  way 
to  its  lateral  pressure,  have  become  irregularly  contorted.  These 
phenomena  cannot  be  attributed  to  any  internal  power  like 
crystallisation;  for  they  appear  to  be  common  to  all  rocks^ 
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eVen  those  most  decidediy  mechanical  in  their  structure ;  we 
have  already  seen,  p.  183,  that  they  were  equally  to  be  no^ced 
in  the  most  recent  members  of  the  oolitic  series  in  the  Isle  of 
Purbeck.  The  /aw/Zf ,  or  as  they  may  be  most  appropiiat^ly* 
termed,  dislocations^  of  the  coal-fields,  are  other  and  still  more 
irresistible  evidences  of  their  having  been  affected  by  violent 
mechanical  convulsions  subsequently  to  their  original  formationi 
These  consist  of  fissures  traversing  the  strata,  extending  oTtea 
for' several  miles,  and  penetrating  to  a  depth  in  very  few  in-- 
stances  ascertained  ;  they  are  accompanied  by  a  subsidence^  of 
the  strata  on  one  side  of  their  line,  or  (which  amounts  to  the 
same  thing)  an  elevation  of  them  on  the  other;  so  that  it  ap- 
ipejars  that  the  same  force  whibh  has  rent  the  rocks  thus  asunderi 
has  caused  one  side  of  the  fractured  mass  to  rise,  or  the  other 
to  sink ;  it  being  difficult,  if  not  impossible  to  say  (since  in 
either  case  the  relative  motions  of  the  disjoined  masses  wouldl 
be  the. same)  in  which  direction  the  absolute  motion  has  t^en 
place.  Thus,  the  same  strata  are  found  at  different  levels- oa 
opposite'  S'des  of  these  faults,  which  appear  to  derive  their  name 
from  their  baffling  for  a  time  the  pursuit  of  the  miner ;  they  are 
also  called  t'^'ops^  and  the  elevation  or  subsidence  of  the  strata 
described  as  t\\w  trap  up  ot  down^  probably  from  a  northern 
word  signifying  a  step.  The  change  of  level  occasioned  hf 
these  dislocations  sometimes  exceeds  500  feet ;  whence  we 
may  infer  the  immence  violence  of  the  convulsion  which  had 
power  to  produce  motions  of  such  vast  masses  to  such  an  extent. 
The  fissures  are  usually  filled  by  clay,  which  has  subsequently 
filtered  in,  and  often  includes  fragments  disrupted  from  the  con- 
tiguous strata ;  their  direction  usually  approaches  to  vertical* 
'  (^)  Agricultural  character.  *^  The  soil  of  the  coal-districts,^' 
says  Mr.  Farey,  '^  inclines  much  to  clay,  and  is  generally  of  an 
inferior  quality."  ^'  Draining  and  liming  seem  to  be  essential  to 
the  proper  occupancy  of  a  farm  in  these  districts;  when  laid 
down  in  pasture,  small  daisys  and  other  insignificant  weeds  are 
more  disposed  to  prevail  than  grass,  on  their  strong  soils.'*  This 
character  appears  generally  applicable  to  the  argillaceous  soils 
on  the  coal-measures  :  we  have  however  known  them  to  prove 
favourable  to  the  cultivation  of -apple  orchards.  Sometimes  the 
grits  appear  in  particular  portions  of  the  coal-fields  in  such 
abundance  as  to  constitutie  a  sandy  soil,  but  it  is  usually  poor^ 
hungry,  and  heathy. 

(e)  Phcsnoniena  of  Water.  The  alternation  of  porous  strata 
of  grit,  and  retentive  ones  of  clay,  being  generally  frequent  in 
the  coaV-measures,  water  is  usually  to  be  procured  at  incon- 
siderable depths.  The  clajr  fillii^  the  fissures  of  the  faults  also 
holds  up  the  water,  and  throws  out  fprtugsj  as  these  faialts. 
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trkrerse  the  strata  in  all  direetionsy  it  often  l^iappens  that  limited 
tracts  are  bounded  op.  all  sides  by  faults  running  into  one  aao- 
ther,  so  that  such  tracts  are  as  it  were  insulated  by  them,  and 
iMfjng  surrounded  on  all  sides  by  water-tight  walls,  their  waters 
may  be  consequently,  drained  -without  affecting  those  of  the 
e^tiguous  district;  a  circumstance  of  great  advantage  to  the 
miner,  who  has  thus  on  his  hands  the  drainage  of  this  limited 
tract  only,  insteadof  that  of  the  whole  adjacent  country ;  hence 
it  is  necessary  for  him  to  use  caution  in  piercing  these  faults, 
neglecting  which  he  may  at  once  overflow  his  own  works,  and 
drain  all  the  neighbouring  wells.  The  waters  percolating  among 
the  coal-measures  are  yery  often  chalybeate. 

Salt  springs  have  been  sometimes  found,  but  generally  near 
the  red  marie,  from  Which  they  may  possibly  have  been  derived, 
^s  at  Measham  in  the  Ashby  de  la  Zouch  field,  and  in  that  of 
South  Gloucester ;  those  however  near  Newcastle  are  too.  iai* 
.  from  the  red  marie  to  be  assigned  io  this  cause  :  purging  salts 
are  found  in  the  waters  of  Mosshouse  lane  and  Tarleton  on  the 
north-east  of  Ormskirk,  Lancashire,  &c. 
'  Thermal  springs  sometimes  occur  in  the  coal-measures ;  an 
example  of  this  may  be  seen  in  the  vallfey  of  the  Taafe  in  South 
Wales,  about, six  miles  above  Cardiif,  under  singular  circum- 
stances, for  a  thermal  and  strongly  chalybeate  spring  there  rises 
within  the  shingly  bed  which  forms  the  wintry  channel  of  the 
river. 


Section  in. 

MILLSTONE-GRIT,  and  SHALF. 

•  (a)  Chemical  and  external  characters.  The  coal-measures 
generally  repose  on  a  series  of  beds  which  are  usually  designated 
by  the  name  of  Millstone-grit  and  Shale.  The  millstone-grlt 
iS'  most  commonly  seen  under  the  form  of  a  coarse-grained 
sandstone,  consisting .  of  quartzose  particles  of  rarious  sizes 
(often  sufficiently  lai^e  to  give  the  rock  .the  character  of  a 
pudding*stone)  agglutinated  by  an  argillaceous  cement.  This 
sandstone  differs  from  those  which  accompany  the  coal-mea- 
sures, principally  by  jts  greater  induration*  .  It  has  every  ap- 
pearance ot  a  rock  mechanically  formed  from  the  detritus  of 
prerexistent  materials;  and  rounded  particles  of  felspar  may 
occasiQCMdly  be  traced  in  it.  It  sometimes,  however,  (though 
comparatively  seldom)  assumes  a  finer  texture,  in  which  the 
medhanicalt  structure  becomes  less  evident,  and  even  pass>e| 
into  a  hard  and  solid  cherty  rock.  ..    \, 
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The  shale  beds  ot  this  series  present  scarcely  any  characters 
which  may  serve  to  distinguish  them  from  the  slate-clay  bed& 
of  the  coal-measures. 

Where  the  series  is  most  completely  developed,  the  mill- 
8tone»grit  beds  predominate  in  its  upper  region,  the  shale  beds 
in  the  lower  :  alternations,  however,  of  each  kind  of  rock  may 
be  observed  throughout. 

This  series  presents  occasional  beds  both  of  limestone  and  of 
coal,  particularly  in  those  parts  where  the  shale  predominates. 
The  coal-beds  are  few  in  number,  usually  very  thin,  and  of  a 
very  indifferent  quality.  The  limestone-beds  resemble  in  many 
points  the  mountain  limestone,  which  will  be  next  described  ; 
they  generally  exhibit,  however,  a  blacker  colour,  and  contain 
more  bitumen. 

Considered  in  a  general  point  of  view,  this  series  is  inter- 
mediate in  character  and  composition,  as  it  is  in  position, 
between  the  main  coal-measures  which  it  supports  and  the 
mountain  lime  which  it  covers,  forming  the  natural  link  be- 
tween them. 

(b)  Mineral  contents.  Nodules  of  clay-iron-stwie  occnr 
in  beds  similar  to  those  in  the  coal  series,  in  the  shales  of  this 
series,  sometimes  assuming  the  forms  of  septaria.  Ircm  pyrites 
also  is  abundant;  and  occasionally  the  metalliferous  veins, 
whose  principal  seat  is  in  the  subjacent  mountain  limestone, 
extend  upwards  into  this  series  of  strata.  In  Derbyshire  there 
are  several  instances  of  lead  veins  worked  in  the  shale  of  this 
series,  but  they  are  usually  thin.  The  celebrated  copper  mine 
of  Ecton  in  Staffordshire,  is  represented  by  Farey  as  being 
situated  in  the  limestone  associated  with  this  shale,  and  in 
Northumberland  the  lead  veins  are  worked  even  in  the  mill- 
stone-grit ;  but  since  these  veins  are  always  most  productive  in 
the  subjacent  limestones,  it  seems  most  proper  to  enumerate 
their  contents  under  that  head.  The  variety  of  calcareous  spar 
called  Satin  spar,  appears  to  belong  to  the  shales  of  this  series. 
Bitumen,  under  most  of  the  forms  which  it  is  capable  of 
assuming,  has  been  found  in  the  rocks  of  this  beries,  particu* 
larly  in  the  shale.  In  driving  a  level  thrpugh  the  shale  in 
Derbyshire,  springs  of  naphtha  issued  forth  so  plentifully  as  to 
cover  the  surface  of  the  water  in  the  level ;  and  as  inflamina« 
tion  took  place  on  the  approach  of  a  candle,  the  spot  attracted 
the  notice  of  tourists  under  the  title  of  a  burning  spring* 
Petroleum,  elastic  bitumen,  and  asphaltum  are  likewise  found^ 
It  is  probable  that  these  substances  are  derived  from  the  pa^ 
tial  decomposition  of  the  coal  of  the  superior  and  accompaarblg 
strata,  which  may  be  affected  perhaps  by  the  heat  arising  iiumi 
the  decomposition  of  the  associated  pyrites. 
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(c)  Organic  remains.  Vegetable  impressions,  analagous  to 
those  of  the  superior  strata  of  coal,  are  also  found  in  the  shales 
in  this  series ;  and  nodules  of  iron-stone  containing  muscles, 
probablj  the  satne  species  with  those  before  described  as 
occurring  in  the  coal-strata.  In  the  limestone  beds  of  this 
series,  again,  the  organic  remains  appear  to  be  decidedly  of 
marine  origin,  and  analagous  to  those  of  the  subjacent  lime-* 
stone.  Thus,  in  a  blue  limestone  of  this  class  at  Newton  hall 
near  Corbridge,  Mr.  Winch  specifies  pectines,  and  large  ostreas 
as  occurring ;  and  In  the  limestone  coyering  the  thin  coal  of 
Newton  near  Felton  (both  nibordinate  members  of  this  series) 
a  bed  contains  impressions  of  biTaWe  shells,  as  mentioned  by 
the  same  writer,  but  the  species  is  unfortunately  not  di8<« 
tinguished. 

{d)  Range  and  extent.  See  the  local  details  in  the  ensuing 
chapter.      . 

(e)  Elevation.  TJie  mountains  formed  by  these  beds  are 
often  between  1  and  9000  feet  in  height,  and  sometimes  be- 
tween 2  and  3000,  above  the  level  of  the  sea ;  for  particulars 
see  the  ensuing  chapters. 

(f)  Thickness.  Sometimes  exceeds  120  fathoms,  for  par- 
^eulars  see  the  ensuing  chapters. 

(g)  Inclination.  The  phoenomena  in  this  respect  are  the 
same  with  those  of  the  coal-measures,  with  which  these  sub- 
jacent beds  are  perfectly  conformable.  The  solid  strata  of 
millstone-grit,  however  elevated,  usually  form  rectilinear 
planes,  while  the.  more  yielding  shales  are  often  singularly 
contorted.  The  same  faults  traverse  these  beds  and  the  coal- 
measures. 

(h)  Agricultural  character.  The  millstone-grit  usually 
forms  the  surface  of  barren  and  elevated  moorlands  covered 
with  mountain  peat,  the  moisture  of  these  elevated  regions 
being  favorable  to  the  growth  of  the  mosses,  &c.  which  form 
them ;  and,  as  it  appears,  the  soil  afforded  by  the  gritstone  also 
concurring  to  facilitate  their  production,  for  they  are  not  com- 
mon in  calcareous  mountains  of  equal  height.  The  shales 
associated  in  this  part  of  the  series  are  very  variable  even  in 
different  parts  of  the  course  of  the  same  beds,  sometimes 
affording  good,  and  sometimes  poor  soils;  perhaps  the  dif- 
ferent proportions  of  calcareous  matter  dispersed  through  them 
may  be  the  cause  of  this. 

\  (0  Phwnomena  of  water.  This  part  of  the  series  agrees 
with  the  coaUmeasures  in  this  respect.  The  well-known  waters 
•f  Harrowgate  are  believed  to  be  in  this  part  of  the  series* 
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Section  IV. 

CARBONIFEROUS  or  MOUNTAIN  LIMESTONE. 

(a)  Chemical  and  external  characters*  The  series  jast 
described  reposes  on  that  important  assemblage  .of  calcareous 
strata  (occasionally  alternating  with  beds  of  a  different  com- 
position, e.  g.  shale-grit  and  amygdaloid)  which  has  been  often 
described  by  the  name  of  mountain  limestone,  from  its  usually 
forming  considerable  hills;  of  metalliferous  limestone,  from 
its  mineral  riches;  and  of  entrochal  or  encrinal  limestone, 
from  its  organic  remains.*  We  prefer  to  all  these  that  of 
carboniferous  limestone^  derived  from  its  association  in  the 
coal  districts,  as  expressing  a  character  more  constant  and  more 
peculiar  than  any  of  the  former.  The  texture  of  this  rock 
is  generally  imperfectly  crystalline,  and  sufficiently  close  and 
hard  to  afford  marbles  susceptible  of  a  durable  polish.  Its 
prevailing  colour  is  grey;  passing,  on  the  one  hand,  into 
greyish-white  and  yellow,  and  on  the  other,  into  greyish-blue 
and  black;  occasionally  also  a  red  shade  of  colour  may  be 
observed.  Its  purest  beds  appear  to  contain  about  96  pec 
cent,  of  calcareous  matter  :  but  by  the  admixture  of  other  in- 
gredients, it  often  passes  into  magnesian  limestone,  ferruginous 
limestone,  bituminous  limestone,  and  fetid  limestone.  It 
usually  presents  beds  of  very  considerable  thickness;  a  con- 
tinuous series  of  which  often  extends  many  hundred  feet  in 

*  It  has  more  than  once  been  proposed  to  designate  this  by  the  Wemerian 
name  "  first  flcetz  limestone.**  We  have  already  assigned  our  reasons  for 
objecting  generally  to  all  attempts  to  refer  any  part  of  the  carboniferous 
series  to  the  so-called  flcetz  formations,  and  against  the  application  of  tho 
principle  in  this  instance  we  must  enter  our  most  decided  protest,  for  no 
canons  of  nomenclature  can  be  more  positive  than,  1st,  that  names  should 
be  applied  in  the  sense  in  -which  they  were  imposed  by  their  original  authors, 
unless  that  sense  has  been  modified  oy  common  subsequent  usage ;  and  2dly, 
that  where  a  name  includes  a  description,  it  should  not  be  applied  in  cases 
where  the  implied  description  is  inapplicable.  Now  with  regard  to  the 
first  of  these  rules,  Werner  constantly  applied  his  own  term,  *  first  floetx 
limestone,'  not  to  our  carboniferous  limestone,  but  to  that  associated  with 
the  bituminous  and  cupriferous  marle-slate,  which  is  now  generally  admitted 
to  be  coeval  with  our  newer  magnesian  limestone.  The  continental  writers 
who  employ  this  term,  still  generally  retain  this  application;  and  when  they 
have  occasion  to  describe  the  carboniferous  limestone,  appear  to  refer  it  to 
the  transition  series.  With  reference  to  the  second  note,  we  must  observe 
that  the  carboniferous  limestone  seldom  occurs  in  horizontal  or  flcetz  stra- 
tification, being  more  often  highly  inclined.  In  different  countries,  how- 
ever, the  same  rocks  vary  so  much  in  this  particular,  that  it  is  absurd  to 
assume  it  as  a  basis  of  nomenclature,  otherwise  we  must  bring  ourselves  to 
talk  of  the  **  highly  inclined  flcetz  limestone  of  the  Jura  chain,  &c." 
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depth  without  the  intervention  of  any  other  rock,  the  strata 
being  divided  only  by  thin  partings  of  clay ;  but  sometimes; 
this  series  exhibits  alternations  of  various  heterogeneous  rocks, 
particularly  toadstone,  grit,  and  shale ;  so  that  the  proportion 
of  the  limestone  beds  in  constituting  the  series  of  strata  here 
denominated  from  them,  as  its  characteristic  feature,  varies; 
they  being  sometimes  exclusively  prevalent,  and  sometimes, 
forming  little  more  than  one-third  of  the  whole  series :  occa-* 
sionally  also  the  limestone  beds  themselves  become  more  thinly^ 
laminated. 

These  limestone  beds  contain  nodules  of  chert  disposed  in 
layers  in  a  manner  precisely  analogous  to  those  of  flint  in  the 
chalk  strata. 

ft  is  a  prevailing  character  of  this  limestone  to  be  full  of 
caverns  and  fissures.  All  the  caverns  in  this  island  (with  some 
very  trifling  exceptions  presented  by  the  transition  limestone 
of  Devonshire,  and  the  new  magnesian  limestone  in  Somerset- 
shire,)  occur  in  this  rock.  Rivers  which  flow  across  it  are 
often  suddenly  engulphed,  and  pursue  to  considerable  distances 
a  subterranean  course ;  and  the  hills  constituted  by  it  usually 
exhibit  rocky  dales  and  mural  precipices.  Hence  it  presents 
much  of  the  most  picturesque  and  romantic  scenery  of  which 
England  can  boast.  * 

♦  The  following  information  respecting  the  caverns  and  subterranean 
rivers  of  the  monntain  lime  has  been  extracted  from  the  Notes  obh'gingly 
lent  to  the  Editors  by  Mr.  Greenough. 

Caverns  are  extremely  common  in  the  limestone  district.  The  following 
are  amongst  the  most  remarkable : — 

Ir  Westmoreland,  there  is  a  great  cavern  in  the  main  limestone,  at  Dunall, 
five  miles  from  Dufton. 

In  Durham,  Hetherburn  cave,  near  Stanhope,  in  the  70  fathom  limestone, 
runs  above  a  mile  underground. 

In  Yorkshire.  Gigglewick  scar ;  Kingsdale ;  Wethercat  cave  near  Ingle- 
ton  ;  Tiernham's  mine,  and  Old  Cam  Rake,  Coniston  moor ;  Barefoot-wive's 
hole ;  Hardrawkin.  In  West's  guide  to  the  Lakes,  caverns  are  mentioned' 
by  the  names  of  Hurtlepot,  Sandpot,  Donk  cave  on  the  base  of  Ingleborough, 
Gate  Kirk  cave  on  the  south-east  of  Wheruside,  Greenside  cave,  Cathnot 
hole,  Hardraw  scar  near  Hawes  in  Wensleydale,  Alan  or  Alumn  pot  near 
the  village  of  Sebside,  Long  Churu,  Dickenpot,  Halpit  hole  and  Huntpit. 
hole.  In  the  Gentleman's  Magazine  for  1761  are  mentioned  others  by  the 
names  of  Blackside  cove,  Sir  William's  cove,  Atkinson's  chamber,  Johnson's 
Jacket  hole,  and  Gaper  Gill. 

In  Lancashire.  Dunald  mill-hole  near  Kellet,  eight  miles  from  Lancaster, 
near  the  road  to  Kirby  X^onsdale.  Yardhouse  cave  and  Gingling  cave  in 
Kingsdale ;  and  smaller  caverns  iii  Yealand. 

In  Derbyshire.  Bagshaw's  cavern,  south-west  of  Bradwell.  Bamford- 
hole  near  £yam.  Bondog  hole  near  Wirksworth.  Charleswark  cavQrn 
near  £yam.  Chelmerton  cavern.  Cresslow  mine  cavern.  Cumberland 
or  Rutland  cavern  near  Matlock.  Devil's  hall  in  Foreside  mine,  Castleton. 
Dov^-hole  cavern,  Dove-dale.    Drake  mine  cavern.    £lden  hole  (see  Cdt** 
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(b)  Mineral  contents.  This  series  forms  the'  principal 
depositary  of  the  British  Lead  mines ;  those  of  Northumber- 
land, Durham,  York,  Derbyshire,  and  Somersetshire,  are  all 
ntuated  in  it ;  f  it  also  affords  ores  of  some  other  metals ;  all 

cott.  Phil.  Trans.  &  Rees).  Golconda  near  Hopten.  Knowles  mine  cavern. 
Merlin's  cave.  Orchard  mine  cavern.  Pealu  hole,  Castletou  (Catcott,  p. 
234.)  Placket  mine  cavern.  Poors  hole,  Buxton  (Cat cott,  p.  236.)  Ran- 
ter mine.  Reynard's  hall  and  cave  in  Dove-dale.  Speedwell  or  Navigation 
mine  cavern,  Castleton. 

In  SufFordshire.  Thor's  house,  or  Thyrsis  cave  in  Wotton  dale.  Ribden 
and  Ruden  caves  near  Calden  here  receive  the  waters, of  the  Manifold,  &c. 
Iludchurch,  between  Swithamley  and  Wharnford,  is  208  yards  long  and  40 
or  30  deep,  (Plott.)  Hobchurcn  cave  near  Welton  mill.  And  Plott  men- 
tions caves  at  Wharnford,  north-east  of  Leek ;  a  large  one  at  Y^lpersley- 
Tor  ;•  one  at  Kinsare;  under  Kinfare  edget  at  Holloway  near  Stourbridge; 
and  under  Peakstones  in  Olverton  parish  under  LK)n?  Hursh  hill. 

In  Gloucestershire.  In  Catcott  on  the  Deluge  mention  is  made  of  caverns 
in  St.  Vincent's  Rock  near  Clifton.  Penpark  hole  on  Durdham  Down  it 
by  some  suspected  to  be  the  workings  of  an  old  mine :  and  there  are  huge 
caverns  near  Cplford,  which  serve  to  ventilate  the  mines. 

In  Somersetshire.  Lockston  cavern  and  Banwell  cavern,  12  miles  north- 
west of  Wokey,  (see  Ph.  Trans,  by  Lowthorp,  vol.  2.  p.  368.)  There  are 
also  caverns  in  Charterhouse  liberty,  Mendip,  and  Green-ore  farm,  4  miles 
from  Wokey ;  and  a  cave  called  the  Lamb  cavern  near  £a8t  Harptree. 

Subterranean  rivers  are  freqyent  all  over  the  limestone  district.  Such  are 
the  Manifold,  which  passes  beneath  the  limestone  hills  about  three  miles 
south-west  of  Ecton  mine  in  Staffordshire,  and  after  traversing  a  cavern 
through  the  base  of  the  limestone  hills  four  miles  in  length,  re-appears  near 
Ham.  The  Hahips  river  also  breaks  out  near  Che  same  place  (Farev).  The 
Ribble  is  also  an  underground  river ;  as  also  is  the  Greta  (Goldsmith,  Nat.- 
Hist.)  Such  also  are  Horton  Beck,  and  Bransil  Beck,  at  the  foot  of  Pennb* 
gant  in  Yorkshire.  The  stream  which  forms  the  cataract  in  Speedwell 
mine  near  Castleton,  is,  according  to  the  inhabitants  of  that  place^  proved 
to  be  the  same  as  the  stream  which  traverses  the  Peak  cavern  at  that  place. 

The  streams  forming  these  subterranean  rivers  are  absorbed  by  funnel- 
shaped  hollows  on  the  surface  of  the  limestone,  called  provincially  Svjallotu*^ 
and  SivalUt  holes, 

+  The  following  notice,  communicated  by  Mr.  John  Taylor,  of  the  pro« 
duce  of  lead  in  England,  may  be  here  appropriately  introduced.  Where  two 
asterisks  (**)  are  prefixed,  the  mines  belong  entirely  to  the  carboniferous 
series:  where  a  single  asterisk  (*)  they  are  partly  in  these  and  partly  ip 
other  formations :  where  no  asterisk,  entirely  in  other  rocks. 

In  round  numbers  the  annual  produce  is  as  follows, — 

ENGLAND.--**Durham,  Cumberland  &  Yorkshire  Tom  19,000 

**Derbyshire,  probably „      1 ,000 

♦Shropshire „        800 

Pevon  and  Cornwall  (transition  and 

primitive  rocks) „        800 

21,600 

♦Wales (Flintshire  and  Denbighshire) 7,500 

♦ScoTLANp  ...r.,,. 2,800 


Tons  31,900 
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the  foUowmg  minetuls  have  hteu  fousid  in  it  more  or  less  lAuiio 
dantly ;  ^scrlphuret,  carboaate,  and  phosphate  of  lead ;  aatw 
mooiated  lead  ore ;  sulphuret^  and  carbonate  of  copper ; 
saiphuret^  carbonate  and  oxide  of  zinc ;  iron  pyrites^  hematitio 
iron  ore^  and  abo  exide  of  iron^  disseminated  in  beds  of  ferru* 
ginoas  litnestone  associated  with  pearl  spar  and  brown  8par« 
Many  varieties  of  common  calcareous  spar,  arragonite,  man/ 
varieties  of  fluor,  selenite,  carbonate  and  sulphate,  of  barytes, 
sulphate  of  strontian,  quartz  crystals  (Derbyshire  and  Bristoi 
diamonda).  Bitumen  is  also  found  filling  cavities  in  this  lime 
and  associated  with  the  vein-stones, .  particularly  the  elastic 
variety,  though  not  so  commonly  as  in  the  $hale  of  the  pi-ecedhig 
^des.  If  we  ihclude  the  miilerals  contained  in  the  trap  rocks, 
sometimes  alternating  in  this  series,  we  must  add  zeolite^  wp^ 
and  perhaps  alabaster  to  this  list. 

"(c)  Organic  remain^.*  The  animal  remains  preserved  in 
the  carboniferous  limestone  are  strongly  distinguished  fromt 
those  of  the  oolitic  series  and  lias,  belonging  in  a  majority  of 
ittstaf  ces  to  entirely  distinct  genera.    These  genera  are  very 

The  ores  m  Durhart,  Cumberhmd,  and  Torkshire,  are  genetally  smelted 
by  blast  furnaces  on  the  mines,  as  at  Alston  moor.  Wear  dale«  Arkendalc) 
Greenhoe  hill,  Grassington,  &c. :  in  general  these  ores  contain  very  little 
silver,  and  refining  them  is  not  much  practised,  borne  lead  is  however  re- 
fined for  silver  by  the  Londoi^  Lead  Company,  and  perhaps  by  some  others, 
but  I  do  not  know  to  what  extent. 

In  Derl)yshire  the  lead  ores  are  smelted  by  persons  who  own  smddng- 
houses  with  Teverberactoiy  furnaces,  and  who  ouy  the  ores  of  the  miners. 
There  are  not  more  than  three  or  four  of  such  now  at  work,  and  I  do  not 
know  of  any 'silver  refinery.  * 

Shropshire  T  know' nothing  of. 

Devon.  Huel  Betsey  lead  mines  ores,  smelted  on  the  spot,  and  silver  ex- 
tracted ;  produce  12  ounces  per  ton^  Beerabton  ores,  smeited  at  Bristol,  and 
silver  extracted ;  80*to  100  ounces  per  ton. 

Cornwall.  Sir  C  .Hawkins  mine  near  St.  Michaers,  ores  smelted  and  re- 
fined on  the  spot,  produce  of  silver  said  to.  be  SO  to  40  ounces  per  ton. — 
Huel  St.  Vincent  silver  mine  in  Calstock,  it  is  said  has  produced  1000  lbs 
of  silver  in  a  very  few  months.  Ore,  Horn  silver  (Qu.)  and  native,  rcfinwl 
on  the  spot. 

*  Wales. — ^Thefe  are  several  lead  onelting  houses  in  Flint  and  Denbfgh- 
shire  (reverberatory  furnaces).  Lord  Grovesnor*s,  M.  Roskill's,  and  others 
near  Holywell.  Air.  Jones  near  Mold,  Messrs.  Hunt  &  Co.  at  Minera. 
Some  smelt  their  own  ores,  and  others  purchase  of  the  miner.  Very  littfe 
silver  extracted. 

Scotland — I  do  not  know  much  about,  but  believe  the  ores  are  smelted 
at  Lead  Hills. 

•  We  have  to  acknowledge  the  kind  assistance  of  Mr.  Miller,  who  has 
furnished  several  important  additions  and  corrections  to  this  list.  The 
references,  when  not  otherwise  specified,  are  as  usual  to  Sowerby's  Min. 
C^onchotogy.  Martin's  Derl>yshire  Petrifactions  has  been  cited  for  6um« 
spccU^  not  yet  figured  in  the  former  work* 
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^(suenllj  common  to  this  and  the  transition  limestone^  and 
many  species  are  also  common.  In  this,  as  in  ererj  other 
respect,  its  alliance  is  much  more  close  with  the  older,  than  with 
the  more  recent  deposits ;  and  were  it  not  preferable  to  con- 
stitnte  a  distinct  class  for  the  reception  of  the  carboniferous 
series,  it  ought  undoubtedly  rather  to  be  referred  to  the  transi- 
tion suite  than  any  more  recent  order. 

Vertebral  remains  are  very  rare.  Of  Tesiacea  though  the 
species  are  many,  the  genera  are  comparatiTely  few ;  while  the 
%oophytal  families,  particularly  Encrinites  and  CoraUUes  are- 
in  the  greatest  profusion. 

To  proceed  to  particulars. 

Vertebras  of  fish^  Sharks  teeth^  and  many  singular  palatal 
tritoresy  and  the  radius  of  a  BaUstesy  exhibit  proofs  of  the  exist-' 
ence  of  vertebral  animals  in  this  formation. f 

Of  the  Cru$taceou9  tribe^  Trilobites  are  found  in  this  for- 
mation, as  in  the  transition  limestone;  but  the  species  are 
apparently  distinct :  one  of  these,  Oniscites  Derbiensis,  Is 
figured  in  Martin's  Derbyshire  Petrifactions,  P.  45.*  1  &  2» 
P.  45.  1  &  2. ;  and  another  species,  as  yet  undescribed,  occurs 
in  the  carboniferous  limestone  near  Bristol,  whose  transverse 
folds  are  tuberculated. 

Chambered  Univalves. 

Ammonites  sphoericus     T.  53,  fig.  % 

A.  striatus.     T.  53,  fig.  1. 

A.  Luidii.    Martin's  Pet.Derb.  T.  36,  fig.  1. 
Nautilus  discus.     T.  13. 

i\r.  pentagonus.     T.  ^9,  fig.  1. 

N.  bilobatus.     T.  261. 

N.  complanatus.     T.  60,  fig.  5. 
Orthocera  Breynii.     T.  60,  ^g.  5. 

O.undulata.     T.  59. 

O.  gigantea.     T.  246. 

O.  cordiformis.     T.  247. 

Some  of  the  Orthoceratites  nearly  resemble  the  alveoli  of 
common  belemnites ;  but  the  occurrence  of  true  belemnites  in 
this  rock  appears  doubtful. 

Conularia    (a  conical   shell  divided    by  imperfect 
septa)  C.  quadrisulcata.     T.  260,  fig.  3  to  6. 
C.  Teres.     T.  260,  fig.  1.  2. 

♦  Mr.  Whitehunt  (Theory  of  the  Earth)  mentions  the  discovery  of 
a  crocodile  in  this  formation  in  Derbyshire ;  having  made  enquiries  in  that 
county  respecting  the  specimen  alluaed  to,  we  have  been  informed  that  a 
mutilated  orthoceratite  had  been  mistaken  for  the  scales  of  this  anhnak 
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UNIYilLTES  NOT  CHAMBERED. 

Etwmphalus  catijlus.     T.  45,  fig.  3.  4. 

E.  nodosus.     T.  46. 

E,  pentangulatus.  T.  45. 
Cirrus  acutus.  T,  141,  ^g*  i. 
Nerita ;  of  this  genos  four  species  occur^  at  yet  an* 

described. 
JHeli^  carinatu^.     T.  10,  n. 

cirriformis.     T.  171,  fig.  2. 
striatus.     T.  171,  fig.  I. 
NautiUtesf  hiulcus.    Mart.  P.  40,  fig.  1  &2.  It  ha» 

no  chambers,  and  must  according  to.  Mr.  Millet 

form  the  type  of  a  new  genus. 
Mddma  constricta,.     T.  218,  fig.  2. 
Turbo. 
Planorbis?  equalis.      T.  140,    fig.  1.     Mr.  Miller 

considejr9  this   shell  to  be  rather  a  depressed 

variety  of  Cirrus  acutus. 

Bivalves  equivalved. 
Modiola. 
Mya. 
Cardium  elongatum.     T.  82,  fig.  2. 

Bivalves  unequivalved. 

Terebralula  crumena.    T.  83,  fig.  2.  3. 

T.  lateralis.     T.  83,  fig.  1. 

r.  biplicata.     T.  90,  fig.  1. 

T.  Wilsoni.     T.  118,  fig.  3. 

T.  Mantia.     T.  277,  fig.  1. 
Spir\fer  cuspidatus.     T.  120. 

S.  trigonalis.     T.  265. 

S.  oblatus.     T.  268. 

5.  glaber.     T.  269,  fig.  1.  2. 

5.  obtusus.     T.  269,  fig.  2.  4. 

5".  striatus.     T.  270. 

iS.  pinguis.     T.  271. 

5.  triangularis.     Mart.    T.  36,  fig.  2. 
Producta  aculeata.     T.  68,  fig.  4. 

P.  scabricula.    T.  69,  fig.  1. 

P.  Flemingii.     T.  68,  fig.  2. 

P.  longispina.     T.  68,  ^g.  1. 

P.  Scotica^     r.  68,  fig.  3. 

P.  spinosa.     T.  69.  fig.  2. 

P.  spinulosa.     T.  68,  fig.  3. 

P.  striata.    Martin's  Derb.  fossils,  r.22,  f.  It 

P.  gigantea.     Mart.  Pt.  1 5. 

P.  crassa.    Mart.  Pt. -4.  16. 
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Remains  of  the  Echini  are  oceisionallj  found,  bttt  liurelj : 
among  these  the  plates  and  spines  of  a  peculiar  species- of  Cidaris 
may  be  distinguished.  Mr.  Miller  has  observed  a  new  genus 
nearly  allied. to  the  Echinus,  but  ditfering  from  it  in  the  greater 
number  of  plates  in  each  area:  io  this -he  has  given-  the  name 
•f  HifstricU^'  Thd  fossil  from  Kentucky  figured  in  Parkinson's 
Organic  Remains,  vol.  2.  plate  13.  fig.  ^.  among  the  Encrinites 
also  appears  to  be  allied  to  the  Echini^  and  occurs  in  this  for- 
mation.   

It  appears  from  Mr.  Miller's  work  on  Encrinites  that  the  fol- 
k>wing  genera  and  speeies  of  that  interesting  family  occur  in  this 
ibrmation. 

Foteriocrinites  trassus 
tenuis 
IHatijcrinites » .  Idnvxs 
•     '  ' "  '  \  '  .  rufosus       * 

-  tubei*culatas 

grsmulatos     ,         • 

striatum "  . .  1 

pentangularis    .. 
Cyathocrinites   laevis 

.:  .  "    '     ^^bejfCttlatus      ,  ^ 

quinquangularis 
ujfctoocnni^e^.  4  Triacontadactylus 

Pdlydactylus 
Rhedocrinites . .  verus 

quinquangularis 
besides  fragments  of  some  other  varieties  not  sufficiently 
complete  *to  be  a3cert'arned. 
All  these  species  are  distinguished  from  those  occurring  in  the 
lias  and  more  recent  beds,'  by  the  thinness  of  the  ossicula  form- 
ing the  cup  containing  the  viscera.  &c.     In  the  more  recent 
varieties  (if  the  terih  may  be  allowed)  these  pieces  form  thick 
wedge-like  joints,*  adhering  by  broad  articulating  surfaces ;  but 
in  those  above  enumerated  ihey  consist  of  thin,  plates  adhering 
by  sutures  pnly:  of  course,  in  proportion  as  the  shell  surround- 
ing the  abdominal  cavity  is  thus  reduced  in  thickness,  the  inte- 
rior cavity  becomes  more  enlarged.* 

Mstfiy  of  the  same  genera,  and  some  of  the  same  species,  are 
found  in  transition  limestone;  so  that  in  this  class,  as  in  the 
Testacea,  a  greater  alliance  exists  (as  far  as  regards  the  organic 
remains)  between  the  carboniferous  limestone  and  the  transition 
formations,  than  with  those  of  more  recent  origin. 

Figures  -exhibiting  the  whole  anatomical  detail  of  all  these 
species  will Tje  found  in  Mr.  Miller's  work  above  referred  to, 
which  from  its  accurate,  precise,  and  scientific  views,  yields 
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only  to  the  researches  of  M.  Cuvier  on  the  fossAl  remains  of 
Vertebral  animals. 

From  the  abundance  and  variety  of  these  remains,  the  name 
Encrinal  limestone  has  often  been  given  to  this  formation. 

Coralloid  remains  are  equally  plentiful ;  but  here  we  have  to 
regret  the  want  of  any  work  which  can  afford  any  thing  like  a 
complete  enumeration  of  the  fossil  species,  and  our  list  must  be 
therefore  very  imperfect. 

Caryophylkea,    Knorr.  vol.  2.  G.  1.  fig.  1. 

Park-  Or.  Rem.  vol.  %  T.  6.  fig.  8. 
TurbinoUa.  Park.  Or.  Rem.  vol.  2.  T.  4.  fig.  1. 2.  3. 

Astrea  basaltiformis.     Lithostrotion.  Luid.  T.  23. 

and  3  undescribed  species. 
Faoosites  ramosus.     Luid.  T.  3.  fig.  95. 
Tubiporas?     Park.  Or.  Rem.  vol.  2.  T.  1.  fig.  1. 

T.  2.  fig.  !• 
T.  3.  fig.  1. 
Retepora.     Martin's  Derbyshire,  T.  43.  fig.  1  &  2. 
Miileporites  flustriformis. 
frustulata?  Lamk.  flabelliformis.  Miller's 
Manusc. 
An  elegant  flexible  Coral,  belonging  to  Lamouroux  5th 
Division,  occurs,  though  rarely,  in  the  mountain  lime« 
stone  near  Bristol,  which  serves  as  the  type  of  a  new 
genus  named  Fenestrella  by  Mr.  Miller. 
Vegetable  remains  corresponding  to  those  of  the  coal-measures 
are  occasionally,  though  rarely,  found  in  the  upper  beds  of  this 
formation. 

When  the  organic  remains  of  this  formation  occur  in  the  cherty 
beds  associated  in  it,  the  testaceous  matter  of  the  original  has 
almost  always  disappeared,  bearing  only  a  siliceous  cast. 

{d)  Range  and  extent.  See  the  local  details  in  the  ensuing 
chapters. 

(e)  Height.  We  also  refer  to  the  ensuing  chapters  for  the 
particulars  relating  to  this  head,  observing  generally  that  this 
limestone  commonly  constitutes  hilly  and  even  mountainous 
tracts,  many  eminesces  formed  by  it  exceeding  1000  feet  above 
the  sea  level ;  hence  it  has  been  often  designated  as  the  Moun* 
tain  Limestone,  It  is  generally,  however,  overtopped  by  the 
ranges  of  the  superjacent  millstone-grit, 

(f)  Thickness.  The  thickness  of  this  series  is  very  con- 
siderable, certainly  exceeding  in  some  instances  900  feet ; 
but,  like  every  other  formation,  it  is  very  variable  in  this 
respect. 

{g)  Inclination.  The  strata  of  this  formation,  like  those  of 
the  supeijacent  grit  and  coal-measures,  are  often  highly  in- 
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clmed ;  this  is  especially  the  case  in  the  south-western  coun- 
ties, where  they  sometimes  become  perfectly  vertical.  They 
sometimes  present  inarched  or  saddle-shaped  curvatures,  the 
point  of  the  arch  being  unbroken,  which  proves  that  the  masses 
liiust  have  been  to  a  certain  degree  soft  and  pliant  when  they 
assumed  this  form.  Contortions  are,  as  we  have  before  ob- 
served, less  usual  in  these  more  solid  strata,  than  in  the  tender  , 
and  yielding  beds  of  the  coal-measures;  yet  such  sometinres 
occur,  especially  where  the  limestone  beds  are  thin  and  alter- 
nate with  shale.  Instances  may  be  seen  on  the  southern  coast 
of  Pembrokeshire. 

Extensive  faults  traverse  this  formation.* 

When  the  beds  of  this  limestone  run  thick,  and  are  not 
separated  from  each  other  by  argillaceous  partings,  it  is  often 
extremely  difficult  to  ascertain  its  stratification,  a  rock  of  it 
under  these  circumstances  often  appearing  at  first  sight  as  a 
vast  unstratificd  mass :  a  careful  examination  will  however 
generally  detect  the  direction  of  the  planes  of  stratification  in 
some  part  of  it ;  and  when  this  clue  is  once  obtained,  and  the 
eye  is  kept  constantly  directed  to  the  face  of  the  rock,  in  lines 
parallel  to  those  planes,  the  stratified  structure  of  the  whole 
Seldom  fails  to  develop  itself. 

(Ji)  Agricultural  character.  The  elevated  and  exposed 
situation  so  generally  occupied  by  this  formation,  has  occasioned 
the  greater  part  of  the  districts  in  which  it  prevails  to  remain  in 
an  uninclosed  and  unimproved  state;  and  the  surface,  being 
generally  covered  with  large  rocky  fragments,  requires  much 
labour  to  clear  it.  Mr.  Farey  observes  that  the  rubble  and 
debris  on  the  limestone  tract  produce  good  pasture  land  when 
limed,  without  which  great  part  of  these  lands  would  be  covered 
with  unproductive  heath. 

(f)  Phcenomena  of  springs.  Where  the  beds  of  this  lime- 
stone alternate  with  argillaceous  strata,  the  latter  throw  out 
the  waters  in  the  usual  manner ;  but  where,  as  is  more  usually 
the  case,  the  series  consists  exclusively  of  calcareous  beds  ex- 
tending to  a  great  depth,  water,  is  of  very  uncertain  and  irregu- 

•  Some  of  these  derangements  appear  to  be  of  a  magnitude  which 
almost  startles  the  imagination.  At  the  foot  of  Ing;leborough  is  a  subsided 
mass  of  coal-measures  at  the  base  of  the  whole  limestone  series ;  a  fault 
therefore  seems  to  have  taken  place  equal  to  the  whole  thickness  of  thii 
series.  Mr.  Farey  describes  the  western  edge  of  the  Derbyshire  limestone 
tract  as  abutting  against  a  similar  fault  which  must  exceed  900  feet.' 
In  Somersetshire,  near  Clevedon,  a  large  tract  of  limestone  covered  with 
coal-measures  appears  to  have  subsided  to  such  an  extent,  that  at  one  end. 
the  strata  of  this  tract  crop  out  three  miles  to  the  west  of  the  main  chain 
to  which  they  mupt  have  originally  appertained.  Undulations  are  probably 
combined  with,  and  extend  the  effects  of,  the  faults  in  some  of  .these 
instances. 
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lar  occurrence.  The  rains  which  fall  on  it  (and  frequently  also 
the  springs  which  flow  from  other  strata  over  it),  sink  through 
its  numerous  fissures,  and  form  subterranean  streams  flowing 
through  the  manjr  caverns  with  which,  as  we  have  already 
noticed,  it  abounds.  A  bed  of  shale,  which  separates  the 
limestone  from  the  old  red  sandstone,  throws  out  its  springs 
abundantly.  The  following  particulars  are  extracted  from  Mr. 
Green ough's  Notes. 

Springs  rarely  appear  on  the  sides  or  summits  of  limestone 
hills,  but  break  out  in  great  numbers,  and  often  with  extraor- 
dinary impetuosity  round  their  bases.  Of  this  nature  is  the 
celebrated  spring  of  St.  Winifred  at  Holywell  in  Flintshire, 
situate  in  all  probability  at  the  point  where  the  limestone  first 
comes  in  contact  with  the  coal-measures.  The  quantity  of 
water  thrown  up  by  it  is  84  hogsheads  per  minute,  and  though 
this  stream  has  little  more  than  a  mile  to  run  before  it  arrives 
at  the  sea,  yet  eleven  mills  are  put  in  motion  by  it,  of  which 
three  are  placed  abreast.  There  is  another  very  powerful  spring 
in  the  same  neighbourhood  dedicated  to  St.  Osward ;  and  still 
another  called  St.  Mary's  Well  rises  at  the  temperature  of  51**. 
The  recollection  of  every  one  who  has  passed  along  the  confines 
of  the  limestone  district  will  supply  him  with  many  analagous 
instances.  About  Denton  in  Yorkshire,  th«  roaring  of  the 
waters  is  incessant. 

Some  of  these  springs  vary  very  little  in  quantity,  either  in 
droughts  or  after  the  heaviest  rains;  others  again  are  inter* 
mitting.  The  most  celebrated  of  these  occurs  at  the  foot  of 
Giggleswick  Scar  on  the  road  from  Settle  to  Kirby  Lonsdale. 
The  ebbing  and  flowing  well  in  Derbyshire  is  supposed  by  Mr. 
Farey  to  be  artificial. 

The  hot  springs  at  Buxton,  Matlock,  and  Clifton  are  upon 
these  beds. 

There  is  no  water  more  apparently  pure  and  pellucid  than 
that  which  is  furnished  by  this  limestone,  which  however  holds 
a  considerable  quantity  of  calcareous  matter  in  solution.  The 
iron  manufacturers  always  use  it  in  preference  for  grinding  their 
tools,  conceiving  that  it  is  less  liable  to  produce  rust  than  any 
other.  If  obliged  to  use  other  water,  they  put  a  piece  of  lime 
into  it  before  they  venture  to  dip  their  steel.  Where  the  cur- 
rent is  slow,  the  calcareous  matter  subsides ;  hence  the  stalac- 
tites 80  common  in  limestone  caverns;  hence  the  property 
which  several  streams  possess  of  incrusting  substances  over 
which  they  flow  ;  such  as  the  streams  at  Smed ley's  mine  near 
Matlock  (Phil.  Trans,  vol.  8.  p.  406.),  at  Alport  near  Youl- 
grave,  Little  Longsden,  Crossbrook  dale,  Slatey  and  Stoney 
l^iddleton  in  Derbyshire. 
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Section  V. 

OLD  RED  SANDSTONE. 

The  Carboniferous  limestone  is  sometimeg  separated  from 
this  rock  by  a  thick  shale  much  resembling  that  associated  with 
the  millstone-grit;  this  may  be  distinguished  as  the  lower 
Umeslone  shale. 

(a)  Chemical  and  external  characters.  The  old  red  sand- 
stone is  a  coarse-grained,  micaceous  sandstone,  evidently  of 
mechanical  origin,  constituted  apparently  of  abraded  quartz, 
felspar  and  mica,  and  containing  fragments  of  quartz,  clay-slate, 
flinty-slate,  &c. ;  sometimes  passing  into  the  state  of  a  quartz- 
ose  conglomerate,  sometimes  possessing  a  structure  coarsely- 
schistose  (and  thus  affording  slates  for  paving),  and  sometimes, 
particularly  towards  its  lower  regions,  becoming  finely  schis- 
tose, and  passing  into  a  fine-grained  micaceous  sandstone  slate. 
It  alternates  with  argillaceous  beds,  sometimes  soft  but  more 
usually  indurated  and  often  slaty ;  the  colour  is  usually  dirty 
iron-red  or  dark  brown,  but  sometimes  passing  into  grey.  It 
approaches  in  its  lowest  beds  very  nearly  to  the  characters  of 
the  grey^acke  upon  which  it  reposes,  and  indeed  graduates 
insensibly  into  that  rock ;  so  that  the  line  of  separation  between 
them  is  frequently  pnly  an  imaginary  and  arbitrary  demarcation. 
This  rock  contains  in  several  places  calcareous  concretions, 
which  produce  a  rock  of  a  pseudo-brecciated  appearance^  known 
by  the  name  of  Corn^stone ;  and  has  also  some  unimportant  beds 
of  limestone  subordinate  to  it. 

The  superior  consolidation  of  many  of  the  beds  of  this  rock 
will  generally  serve  to  distinguish  it  without  much  difficulty 
from  the  newer  red  sandstone,  when  a  tract  of  any  extent  is 
exanfiined ;  for  although  doubt  may  often  remain  from  the  ex- 
amination of  a  single  quarry,  more  extensive  observation  of  the 
general  features  of  a  district  will  seldom  leave  any.  Rock 
formations  usually  bear  external  marks  of  their  relative  an- 
tiquity, which  the  eye  of  the  experienced  geologist  readily 
perceives.  It  is  more  difficult  to  distinguish  this  rock  from  the 
sandstones  of  the  millstone-grit  series,  and  those  alternating 
with  mountain  limestone ;  and  in  fact  it  can  only  be  considered 
as  a  lower  link  in  the  great  chain  of  beds  to  which  those 
belong;  its  prevalent  and  characteristic  colour  forms  its  best 
distinction. 

(b)  Mineral  contents.  No  important  minerals  yet  appear 
to  have  been  procured  from  this  series;  pyrites,  calcareous 
spar,  common  and  fibrous,  and  sulphate  of  strontian  sometinies 
occur. 
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(c)  Organic  remains.  It  is  geneially  destitute  of  organic 
remains;  but  towards  its  lower  regions,  where  it  approaciies 
the  limestone  of  the  transition  series,  some  beds  of  micaceous 
sandstone-slate  occur,  containing  anomiae  and  encrinites  similar 
to  those  in  the  transition  limestones,  which  will  be  described 
hereafter.  Vegetables  similar  to  those  of  the  coal  are  said  in 
some  instances  to  occur. 

((/)  Range  and  extent.  The  particulars  falling  under  this 
head  will  be  given,  together  with  the  local  details,  in  the 
ensuing  chapters.  It  may,  however,  be  here  stated  generally, 
that  this  rock  is  most  abundant  in  the  vicinity  of  the  south- 
western coal-fields,  especially  that  of  South  Wales,  adjoining 
to  which  it  forms  an  immense  tract  in  Brecon,  Monmouth,  and 
Ilerefordshires,  occupying  the  whole  of  the  latter  county;  in 
the  other  coal  districts  it  is  only  of  partial  and  limited  occur- 
ence. 

(e)  Height.  The  old  red  sandstone  frequently  forms  moun- 
tains between  two  and  three  thousand  feet  above  the  sea  level ; 
in  this  respect  it  yields  only  to  the  transition  and  primitive 
chains  of  this  island,  surpassing  those  of  every  other  formation. 

(f)  Thickness.  In  the  borders  of  the  forest  of  Dean,  this 
formation,  there  interposed  between  the  carboniferous  and  tran- 
sition limestone,  exceeds  2000  feet.  In  Herefordshire  and 
Brecon  its  thiclfness  must  be  considerably  greater  than  even 
this,  Millie  in  some  parts  of  Gloucestershire,  near  Tortworth, 
it  cannot  exceed  two  or  three  hundred  feet. 

(g)  Inclination.  The  remarks  already  made  with  regard  to 
the  mountain  limestone  may  be  considfered  as  equally  applicable 
to  this  also,  both  being  conformable  inter  se. 

(h)  Agricultural  character.  Where  argillaceous  beds  alter- 
nate with  this  rock,  it  often  affords  a  very  fertile  soil,  as  the 
rich  fields  and  luxuriant  orchards  of  Herefordshire  abundantly 
testify;  but  where  the  sandstone  exclusively  prevails,  sterile 
heaths  are  the  result :  the  summits  of  mountains  of  this  for- 
ination  are  usually  covered  with  mosses. 

(«)  Phcenomena  of  water.  Springs,  usually  descend  from 
the  morasses  on  the  hills  of  this  formation,  and  the  argillaceous 
beds  alternating  in  the  series,  are  in  general  sufficiently  fre- 
quent to  occasion  such  a  distribution  of  the  rain  waters  perco- 
lating through  the  sandstones,  as  brings  them  within  the  reach 
of  wells  of  no  great  depth. 


Such  is  the  general  outline  of  the  four  series  of  rocks  which 
are  usually  associated  in  the  districts  affording  coal ;  and  it 
will  be  seen  in  the  following  survey  of  our  coal-fields,  that 
with  very  few  exceptions,  each  of  these  series  is  of  constant 
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occurrence  in  all  such  districts,  (that  is,  limiting  the  obser- 
vation to  England) ;  and  that  wherever  they  occur,  they  uni* 
formly  succeed  each  other  in  the  order  above  described  ;  but 
although  a  general  identity  of  structure  is  thus  apparent  in  all 
our  coal-fields,  yet  in  the  detail  there  exists  much  local  variety. 
This,  indeed,  is  the  general  complexion  of  all  geological  analo- 
gies :  beds  which  occupy  the  same  geological  position,  usually 
present  a  near  resemblance,  if  considered  on  the  great  scale  ; 
subject  to  much  difference,  if  examined  more  minutely.  The 
aggregate  series  of  strata  is  marked  by  permanent  features,  but 
the  individual  strata  composing  that  aggregate  undergo  frequent 
changes ;  for  instanc*^,  the  first  series  of  rocks  above  described 
(that  of  the  coal-measures)  viewed  as  an  whole,  is  an  uniform 
assemblage  of  alternating  strata  of  coal,  shale,  grit,  and  iron- 
stone. But  any  attempt  to  trace  any  individual  stratum  of  the 
above  substances  to  a  considerable  distance,  even  in  the  same 
coal-field,  is  usually  vain ;  and  much  less  can  the  same  indi- 
vidual strata  be  recognised  in  different  coal-fields.  The  strata 
of  the  mountain  limestone  series  are  far  more  uniform  than 
those  of  coal ;  and  yet,  as  we  shall  presently  see,  these  appear 
at  one  extremity  of  the  same  range  of  mountains,  under  the 
form  of  a  thick  series  of  limestone  beds,  divided  only  by  three 
alternations  of  toad-stone ;  while  at  the  opposite  extremity  of 
the  chain  they  are  divided  into  numerous  beds  of  much  less 
thickness,  separated  by  alternations  of  grit  and  shale.  This 
kind  of  general  resemblance  and  partial  difference  is  indeed 
exactly  what  we  should  be  led  to  expect,  whatever  hypothesis 
of  the  formation  of  these  strata  we  may  adopt ;  for  it  seems 
impossible  that  any  general  causes  which  could  be  supposed  tp 
act  in  the  formation  of  strata,  should  not,  while  prevailing  over 
extensive  tracts  of  country,  have  had  their  effects  modified  bj 
inaanv  local  circumstances. 
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CHAPTER  H. 

CW  district  north  of  Trent,  or  Grand  Penine  Chain.  • 

Introductory  view  of  the  general  features  of  this  district. 

Having  in  the  preceding  chapter  sketched  the  general  struc- 
tare  and  arrangement  common  to  all  our  coal-fields,  we  may  now 
proceed  to  consider  the  disposition  of  the  several  component 
series  of  rocks  in  the  various  particular  districts ;  following  the 
division  before  suggested,  which  will  lead  us  to  begin  with  the 
great  northern  coal  district,  including  all  the  coal-fields  north 
of  the  rivers  Trent  and  Mersey,  as  far  as  the  Scotch  border. 

This  district  is  traversed  longitudinally  by  a  grand  central 
chain  of  mountains,  extending  north  and  south  from  the  borders 
of  Scotland  to  the  centre  of  Derbyshire ;  the  different  portions 
of  this  chain  are  at  present  known  under  various  local  names, 
but  the  Roman  Colonists  of  Britain,  whose  attention  so  pro- 
minent a  feature  in  the  physical  geography  of  the  island  could 
not  escape,  denominated  them  the  PENINE  ALPS,  as  appears 
from  the  following  passage  in  Richard  of  Cirencester's  descrip- 
tion of  the  Roman  state  of  Britain ;  he  is  treating  of  the  Roman 
province  Maxima,  which  includes  all  the  northern  counties 
of  present  England.  "  Totam  in  aequales  fere  partes  provin- 
ciam  dividant  montes  Alpes  Penini  dicti.  Hi  ad  fluviam 
Trivonam  (The  Trent)  surgentes,  continue  serie  per  150 
milliaria  septentrionem  versus  decurrunt."  This  appellation 
was  probably  derived  from  the  British  term  Pen,  head  or  sum- 
mit, which  enters  so  commonly  into  the  composition  of  the 
names  of  the  hills  amidst  which  that  language  is  still  spoken, 
and  which  may  be  traced  in  some  names  even  in  this  chain,  e.g. 
Penygent,  Pendle  hill,  &c.  though  usually  superseded  by  more 
recent  Saxon  terms,  as  Fell,  &c.  This  appellation  was  also 
familiar  to  the  Romans,  as  the  crest  of  the  Alps  near  Mount 
St.  Bernard  was  anciently  designated  Alpes  Peninae  ;  however 
this  may  be,  it  will  be  useful  to  distinguish  this  ridge  of  moun- 
tains by  some  collective  appellation ;  and  as  they  have  clearly 
a  title  to  this,  as  their  earliest  known,  if  not  their  original 
designation,  we  shall  therefore  henceforth  call  them  the 
PENINK  CHAIN.  The  particular  names  of  the  principal 
summits  of  this  chain  will  be  enumerated  in  the  list  of  heights  ; 
its 'general -extent  and  range  has  been  already  indicated.     It 
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may  be  traced  branching  off  from  the  transition  chain  of  moun- 
tains which  traverses  the  south  of  Scotland,  but  does  not  attain 
any  considerable  elevation  until  it  reaches  Gelts-dale  Forest  in 
Northumberland,  near  which  is  Cross  Fell,  the  highest  summit 
of  the  chain,  rising  2901  feet  above  the  sea ;  it  proceeds  thence 
to  the  south  by  Stain  moor  Forest,  to  form  the  western  moor- 
lands of  Yorkshire,  where  it  exhibits  the  summits  of  Whem- 
side,  Ingleborough,  and  Penygent;  between  Stainmore  and 
Ingleborough  it  abuts  against,  and  joins  the  group  of  trani^ition 
mountains  comprising  the  English  Lake  district  (which  we  shall 
£all  the  Cumbrian  group ;)  these,  in  fact,  form  a  sort  of  excres- 
cence swelling  out  on  the  western  side  from  the  Penine  chain, 
and  surpassing  it  in  height ;  but  as  they  belong  to  older  for- 
mations, and  deviate  from  the  general  line  of  the  Penine  chain, 
they  must  be  treated  of  in  a  subsequent  article.  After  throwing 
off  this  Cumbrian  branch,  the  Penine  chain  proceeds  still  to  the 
south,  following  the  boundary  between  the  counties  of  Lan* 
taster  and  York.  Pendle  hill  and  the  range  of  Blackstone 
Edge  are  in  this  tract.  Further  south  it  enters  Derbyshire  and 
Staffordshire,  forming  the  ^'  High  Peak"  of  the  one  .(a  Saxon 
translation  of  the  British  name  Pen)  and  the  moorlands  of  the 
other;  and  here  the  chain  finally  expires  on  the  banks  of  the 
Trent. 

The  whole  of  the  Penine  chain  is  composed  of  the  four  series 
of  rocks  above  described  as  associated  In  our  coal  districts.  In 
the  central  ranges,  the  second  series,  or  millstone-grit  and  shale, 
predominates,  composing  all  the  most  elevated  summits.  The 
third  series,  that  of  the  carboniferous  limestone,  also  occurs 
extensively  towards  the  northern  parts  of  the  chain ;  occupying 
the  middle  region  of  the  hills,  especially  on  their  western 
escarpment.  A  zone  of  this  rock  is  here  detached  from  the 
Penine  chain,  and  completely  encircles  the  transition  mountains 
of  the  Cumbrian  group,  wrapping  round  them  in  what  the 
Wernerians  call  mantle-shaped  stratification.  Hence,  through 
the  middle  regions  of  the  chain,  the  carboniferous  limestone  is 
entirely  concealed  by  the  super-strata  of  millstone-grit;  it 
re-appears  however  at  the  southern  extremity,  where  it  forms 
an  extensive  and  elevated  district  in  Derbyshire.  The  old  red 
sandstone  has  been  only  ascertained  to  exist  in  the  northern 
parts  of  this  chain,  where  it  forms  the  fundamental  rock  be- 
neath the  western  escarpment  of  the  Cross  Fell  range,  as  is  also 
the  case  near  Ingleborough. 

The  three  lower  formations  then  of  the  carboniferous  suite 
occupy  the  central  mass  of  the  chain ;  and  may  all  be  studied 
together  in  the  single  mountain  of  Cross  Fell.  The  upper 
series,  or  great.  coaUfonnation,  constitutes  the  exterior  and 
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lower  ranges  surrounding  the  chain  oh  the  east,  sbtith,  anS 
West :  in  the  last  direction,  hoifi^ever,  they  make  a  cohsld.erabfe 
jd^flectioii,  receding  from  the  Pfenine  chain  and  again  apt>t'oach- 
ing  it.  This  is  occai^ioned  by  the  intervention  of  the  Cumbrian 
cgroup,  roiitid  which  ih6y  bend  like  the  subjacent  carbohiferbtts 
limestone. 

*  In  the  middle  regions  of  this  chain,  the  strata  form  a  regular 
Saddle,  dipping  east  and  west ;  bui  this  regularity  is  disturbed, 
by  tfhat  must  be  considered  as  fjaults  of  very  astonishing  mag<- 
iiitude,  at  the  two  extremities ;  for  on  the  north,  the  strata 
continne  to  crop  out  to  the  very  edge  of  the  chain  towatds  the 
west ;  the  transition  rocks,  on  which  the  whole  rests,  appearing 
at  the  foot  of  the  escarpment,  beyond  which  (instead  of  a 
regular  repetition  of  the  same  series  dipping  in  a  contrary 
direction  as  from  the  axis  of  the  chain)  shattered  traces  of  the 
coal-formation  .only  are  found,  immediately  succeeded  and 
o't^rlaid.by  horizontal  deposits  bf  new  red  sandstoUe:  this  J>aTt 
of  the  chain  will  hb  the  object  of  more  {^articular  description 
hereafter.  Towards  the  south,  according  to  Farey,  a  derange- 
ihent  somewhat  similar,  though  less  enormous,  has  affected  the 
ttrata  of  Derbyshire  and  Staffordshire,,  where  the  limestone 
tract  e^hibitd  on  the  west,  by  successive  ci*bppings  out,  itk 
lowest  strata ;  against  which  the  highest  strata  of  the  millston6- 
grit  directly  abut.  The  structure,  however,  of  this  part  of  the 
chain,,  requires  further  examination.  The  geueral  inclinatioti 
of  the  strata  composing  this  chain,  is  not  very  considerable^ 
excepting  wher^  affected  by  local  derangements,  and  does  not 
tisiially  ex<;eed  three  or  four  degrees ;  presenting  in  this  respect 
an  exception  to  the  highly  elevated  position  more  usually  cha^ 
racterising  the  beds  of  this  form atibn. 

The  features  of  this  chain  are  often  very  wild  and  picttf- 
l^sque :  it  exhibits  all  the  scenery  and  accompaniments  of  a 
Considerable  mountain  range ;  precipices,  torrents,  and  cata- 
racts. The  caverns,  cliffs,  and  rocky  dales  bf  Ingleborough 
and  the  Peak,  are  too  well  known  to  need  description.  Two 
factsi  observed  in  the  moorlands  of  Staffordshire  will  $erve  to 
Hlitstrate  the  depth  of  the  ravines  and  abrupt  escarpment  of  th^ 
linountains  in  that  part  of  the  chain.  The  Sun,  when  nearest 
the  tropic  of  Capri<;orn,  hevter  rises  to  the  inhabitants  of 
Narrowdale  for  ilearly  a  quarter  of  a  year;  and  duritig  the 
season  when  it  is  visible,  never  rises  till  one  o'clock  p.  m. :  ori 
the  other  hand,  at  Leek,  the  Sun  is,  at  a  certain  time  of  the 
year,  seeJi  to  set  twice  in  the  isame  evening,  in  cotisequence  bf 
the  intervention  of  a  precipitous  mountain  at  a  considerable 
distance  from  the  town  ;  for  after  it  sets  behind  the  top  of  th^ 
mountain,  it  breaks  out  again  on  the  northern  side,  which  id 
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steep,  before  it  reaches  the  horizon  io  its  fall :  so  that,  within 
a  very  few  miles,  the  inhabitants  have  the  rising  Sun,  when  he 
has,  in  fact,  pasfied  his  meridian,  and  the  setting  Sun  twice  on 
the  same  evening.  There  is  a  beautiful  description  of  one  of 
the  rocky  dales  which  characterise  this  chain  in  Rokeby^ 
Canto  II.  stanzas  7  &  8. 

Having  thus  given  a  general  and  collective  view  of  the  strnc- 
ture  of  the  Penine  chain,  we  shall  next  proceed  to  consider 
more  in  the  detail  the  disposition  and  phoenomena  of  the  several 
rock  series  composing  it ;  beginning  with  the  exterior  ridges  of' 
coal,  and  proceeding  regularly  to  the  old  red  sandstone. 


Section  I. 

Particular  view  of  the  Coal  District  north  of  Trenty.or 
Grand  Penine  Chain. 

We  now  proceed  to  consider  more  in  detail  the  disposition 
of  each  of  the  four  great  assemblages  of  strata  entering  into  the 
composition  of  the  coal  districts,  throughout  the  tracts  connected 
with  the  Penine  chain  of  mountains  already  generally  described, 
and  thus  forming  the  first  great  division' of  our  coal  districts; 
that,  namely,  north  of  the  Trent* 

In  pursuance  of  our  plan,  we  must  begin  with  the  first  of 
these  series  of  strata,  the  great  coal-formatton.  This,  as  has 
already  been  stated,  encircles  the  whole  Penine  chain  on  the 
east,  south,  and  north ;  not,  however,  in  one  continuous  line, 
but  in  a  series  of  detached  coal-fields,  often  of  very  consider- 
able extent.  These  it  will  now  be  our  business  to  trace  around 
the  chain,  beginning  on  the  north-east,  proceeding  thence  down 
its  eastern  side  to  the  south,  and  thence  re-ascending  by  the 
western  side  again  to  the  north.  The  coal-fields  we  shall  have 
thus  to  notice  will  occur  in  the  following  order.  On  the  eastern 
side,  (a)  The  great  coat-field  of  Northumberland  and  Durham, 
{b)  Sonie  small  detached  coal-fields  in  the  north  of  Yorkshire; 
(c)  The  great  coalfield  of  South  Yorkshire^  Nottingham^  and 
Derby.  On  the  south  we  find  only,  ((/)  some  successful  trials 
for  coal  in  the  neighbourhood  of  Ashborne^  which  have,  how- 
ever, never  been  further  prosecuted.  On  the  west,  (e)  the  coal* 
field  of  North  Stafford,  (f)  The  great  Manchester^  or  South 
Lancashire  coalfield,  (g)  The  North  Lancashire  coal-field, 
(h)  The  Whitehaoen  coalfield,  (i)  The  indications  of  coal  at 
the  foot  of  the  western  escarpment  of  Cross  Fell.  Of  these  we 
now  proceed  to  treat  in  order. 
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(o)    THE  GREAT  COAL-FIELD  OF  NORTHUMBER- 
LAND AND  DURHAM. 

The  coal-field  of  the  north-eastern  extremity  of  England  ex«' 
tends  oyer  a  great  part  of  the  counties  of  Northumberland  and 
Durham.  Of  this  district  we  have  two  accounts ;  one  by  N.  J. 
Winch,  Esq.  published  in  the  4th  Tolume  of  the  Transactions  of 
the  Geological  Society;  the  other  by  Dr.  Thomson,  in  the 
Annals  of  Philosophy  for  November  and  December,  1814.  We' 
proceed  to  select  from  both,  recommending  them,  and  particu- 
larly the  former,  to  the  perusal  of  the  reader  afterwards.  This 
part  of  England  is  highly  interesting  both  in  a  geological  and 
economical  point  of  view.  Geological,  since  the  facts  it  dis- 
closes are  extremely  curious ;  and  economical  since  it  supplies 
London,  and  the  east  and  south  coasts  of  England  with  coal, 
besides  what  is  consumed  by  the  inhabitants  themselyes. 

The  coal-measures  of  this  field  commence  near  the  riTer 
Coquet  on  the  north,  and  extend  nearly  to  the  Tees  on  the 
south :  the  length  of  this  tract  is  about  58  miles,  and  its  greatest 
breadth  about  24.  The  strata  of  the  millstone-grit  and  shale 
series  psiss  under  those  of  the  coal-measures';  which  latter  pass 
beneath  the  roagnesian  limestone;  the  northernmost  point  of 
which  is  near  the  mouth  of  the  river  Tyne. 

The  strata  of  this,  as  of  many  other  coal-fields,  appear  to  dip 
from  the  surface,  and  rise  again  to  it  after  attaining  a  certain 
depth ;  so  that  a  section  of  them  gives  the  idea  of  a  form  of  a 
boa.t.  A  place  called  Jarrow,  which  is  about  five  miles  from 
the  mouth  of  the  Tyne,  and  on  its  southern  bank,  is  the  spot 
beneath  which  the  beds  of  coal  in  the  coaUmeasures^  are  found 
at  their  greatest  depth.  One  of  the  thickest  beds,  called  the 
High  Main,  is  960  feet  below  the  grass  at  Jarrow,  and  rises  on 
all  sides ;  but  as  the  dip  of  the  strata  (which  averages  one  inch 
in  SO)  is  not  uniform  in  every  part  in  the  surrounding  district, 
that  bed  does  not  rise  to  the  surface  at  equal  distances  around 
that  place. 

We  may  assume  that  Jarrow  is  the  centre*  of  the  coal-mea- 
sures, since  it  is  the  spot  beneath  which  the  High  Main  coal  is 
found  at  the  greatest  depth  beneath  the  surface.  There  is  a 
considerable  though  not  a  perfect  uniformity  in  the  distance  of 
the  several  coal-beds  from  each  other.  Hence,  as  the  High 
Main  coal  rises  to  the  surface  of  the  alluvial  soil,  around  Jarrow, 

*  In  fonning  this  conclusion,  it  is  necessarily  inferred  that  the  coal-mea- 
sures once  extended  far  to  the  east  of  the  present  coast  of  Durham,  and 
above  the  level  of  tlM  «ea :  that  they  exist  beneath  h,  is  pn.ved  by  the  work- 
ings under  it. 
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we  may  conclude  that  the  heds  of  coal  ahove  and  below  the 
High  Main,  arise  also^- at  ct  distance  froni  it,  pfrop9r^ioiic|te  ,i<^ 
their  depth  beneath  it. 

The  inequality  of  the  surface  does  not  affect  the  dip  or  in- 
clination of  the  strata  constituting  the  caal'miefuur^s ;  so  that 
when  they  are  interrupted  or  cut  off  by  the  interventioi^  of  a^ 
valley,  they  will  be  found  on  the  sides  of  the  opposite  hills  at 
the  same  levels,  as  if  the  beds  had  once  been  continuous.  The 
conclusion  is  obvious,  that  the  present  irregularities  of  hill, and. 
4ale  ha?e  been  occasioned  by  the  partial  destruction  or  dispersion 
of  the  uppermost  strata  constituting  the  coal- formation. 

The  beds  of  coal  and  of  the  other  strata  compoaing  the  opal- 
measures,  are  not  every  where  of  uniform  thickness.  Thpy  oc- 
casionally enlarge  or  contract  so  greatly,  th^t  it  Is  only  by  aa'> 
extensive  comparison  of  the  whole  series,  that  any  certainty  is 
arrived  at  of  that  general  uniformity  of  stratification  which  is 
known  actually  to  exist.  From  the  best  information,  they  are; 
c^alcuUted  at  1620  feet  in  thickness. 

The  beds  of  coal,  &c.  basset  out  at  the  surface  one  after  the> 
other ;  each  on  the  east  of  that  which  immediately  precedes  it 
in  point  of  age.  These  beds  are  sometiipes  visible ;  but  are 
more  commcmly  covered  by  alluvial  soil.* 

The  whole  surface  of  the  coaUmeasures  19  calculated  at  180 
square  miles.  The  greatest  number  of  the  numerous  mines  are 
situated  on  both  sides  the  river  Tyne,  but  are  not  far  distant 
from  its  ba^li^s.  There  are  several  in  the  northern  part  of  the 
district,  ^nd  many  about  five  miles  soiith  of  the  Ty^e,. about 
ipid-way  between  Newcastle  and  Durham. 

In  the  coal-mefisures  forty  beds  of  coal  have  been  seen ;  but 
a,  considerable  number  of  these  are  jnsignificai^t  in  point  of 
Sickness.  The  two  most  important  beds  are  those  distinguished 
by  the  names  of  E(igh  Main  am]  Low  Main*  The  thickness  of 
the  first  is  six  feet,  of  the  second  six  feet  six  inches.  The  High 
Main  is  about  60  fathoms  above  the  Low  Main  coal,  which 
le^tter  is  at  St.  Anthon's  colliery,  not  far  from  Newcastle,  135 
fathoms  from  the  surface.  Between  them  occur  eight  beds  of 
coal,  one  of  which  is  four  feet  thipk,  another  is  three  feet  thick. 
Seven  beds  have  been  seen  under  the  Low  Main,  but  the  quality 

"  *  The  alluvium  contains  masses-of  different  rocks  composing  the  whole 
district ;  and  amongst  them,  portions  of  hard  black  hasali  are  found  every 
where  iu  abundance.  From  this  stone,  the  ancient  inhabitants  of  Britain 
formed  the  heads  of  their  battle-axes,  which  are  commonly  called  celtt. 
They  resemble  in  shape  the  tomahawks  found  in  the  South  Sea  islands. 
Barbed  arrow-heads,  neatly  finished,  and  made  of  pale-coknired  flint,  are 
frequently  picked  up  on  the  moors,  and  are  called  eff^holtu  It  also  contains 
portionst  of  the  trap  rocks  of  the  Cheviot  range,  and  masses  of  fine-grained 
granite  appear  on  the  surface  of  the  whole  country. 
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ifr  inferior,  and  more  nearly  approaches  that  of  the  oc^'in  ther 
millstone-grit  and  shale  series!. 

The  superior  excellence  of  the  coal  of  this  formaUoa  ia 
quality,  over  every  other,  is  sufficiently  known.  The  quantity 
of  coal  raised  annually  in  this  district,  and  sent  to  London,  sind 
the  whole  east  and  south  coasts  of  Great  Britain,  is  quite  enor^ 
mops.  Shields  and  Sunderland  are  the  two  places  from  which 
they  are  exported;  and  a  curious  distribution  of  the  trade  has 
taken  place,  depending  upon  the  size  of  the  two  rivers.  Thd 
Tyne  vessels  are  large,  and  are  therefore  chiefly  destined  for 
the  Loudon  market.  The  Wear  vessels,  on  the  contrary^  arer 
so  small,  that  they  can  make  their  way  into  the  small  rivers  and 
harbours  all  over  the  kingdom,  and  therefore  they  supply  the 
whole  east  and  south  coasts  as  far  west  as  Plymouth. 
.  To  form  an  idea,  says  Dr.  Thoijison,  of  the  quantity  of  coal 
contained  in  the  formation  called  the  coal-measures,  let  us  sup^ 
pose  it  to  extend  in  length  from  north  to  jsouth  33  miles,  and 
that  Us  average  breadth  is  eight  miles.  This  makes  a  surface 
amounting  to  rather  more  than  ISO  square  miles,  or  567,568,000 
square  yards.  The  utmost  thickness  of  all  the  beds  of  coal  put' 
together  does  not  exceed  44  feet ;  but  there  are  eleven  beds 
qot  workable,  the  thickness  of  each  amounting  only  to  a  few 
inches.  If  they  be  deducted,  the  amount  of  the  rest  vrill  foe 
36  feet,  or  12  yards.  Perhaps  five  of  the  other  beds  likewise 
should  be  struck  off,  as  they  amount  altogether  only  to  six  feet^ 
and  therefore  at  present  are  dot  ccmsidered  as  worth  working* 
The  remainder  will  be  ten  yards ;  so  that  the  whole  coal  in  this 
formation  amounts  to  5,575,680  cubic  yards.  How  much  of 
this  is  already  removed  by  mining  I  do  not  know,  but  the  New« 
castle  collieries  have  been  wrought  for  so  many  years  to  an 
enormous  extent,  that  the  quantity  already  mined  must  be  con* 
siderable.  I  conceive  the  quantity  of  coal  exported  yearly 
from  this  formation  exceeds  two  millions  of  chaldrons ;  for  the 
county  of  Durham  alone  exports  \\  millions.  A  chaldron 
weighs  1 . 4  ton ;  so  that  2 . 8  millions  of  tons  of  coals  are  an* 
nually  raised  in  these  counties  out  of  this  formation.  Now  a 
ton  of  coal  is  very  nearly  one  cubic  yard ;  so  that  the  yearly  loss 
from  mining  amounts  to  2.8  millions,  or  (adding  a  third  for 
waste)  to  3.7  millions  of  yards.  According  to  this  statement^ 
the  Newcastle  coals  may  be  mined  to  the  present  extent  for 
1500  years  before  they  be  exhausted.  But  from  this  nnmber 
we  must  deduct  the  amount  of  the  years  during  which  they 
have  been  already  wrought.  We  need  not  be  afraid  then,  of 
^ny  sudden  injury  to  Great  Britain  from  the  exhaustion  of  the 
coal  mines.  It  is  necessary  to  keep  in  mind,  likewise,  that  I 
have  taken  the  greatest  thickness  of  the  coal-beds.     Now  as 
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this  thickness  is  far  from  unifonn,  a  considerable  deduction 
(I  should  conceive  one-third  of  the  whole)  must  be  made  in' 
order  to  obtain  the  medium  thickness ;  so  that  we  may  state  in 
round  numbers  that  this  formation,  at  the  present  rate  of  waste,* 
will  supply  coal  for  1000  years,  but  its  price  will  be  continually 
en  the  increase,  on  account  of  the  continually  increasing  ex- 
pense of  mining.  It  appears  that  in  the  abo?e  estimate  of  Dr. 
Thomson's  all  the  beds  of  coal  are  calculated  upon  as  co- 
extensive throughout  the  whole  field ;  whereas  allowance  ougbt 
to  have  been  made  for  the  smaller  extent  of  the  upper  beds 
which  first  crop  out.  It  is  also  probable  that  the  consumption 
of  coal  now  materially  exceeds  that  taken  into  the  account :  for 
both  these  reasons  we  must  deduct  a  century  or  two  from  the 
calculation. 

'  Besides  the  coal  exported  to  different  parts  of  England,  a 
large  quantity  is  consumed  in  the  two  counties,  which  cannot' 
easily  be  calculated.  About  thirty  years  ago  a  practice  was 
adopted  at  the  pits,  where  the  coal  was  of  a  fragile  nature,  of 
erecting  screens  to  separate  the  small  from  the  sounder  coal. 
This  system  is  now  become  universal,  and  immense  heaps  of  coal 
are  thus  raised  at  the  mouths  of  the  pits.  These  soon  take  fire 
from  the  heat  of  the  decomposing  pyrites,  and  continue  to  bum' 
for  several  years.*  Not  less  than  100,000  chaldrons  are  thus 
annually  destroyed  on  the  Tyne,  and  nearly  an  equal  quantity 
on  the  Wear.  Two  such  heaps  in  combustion  may  be  seen  at' 
present  (Nov.  1814)  on  the  north  side  of  Newcastle.  If  you 
travel  from  Berwick  to  Newcastle,  and  enter  this  last  town  in 
the  dark,  about  three  miles  from  the  town  you  see  two  immense 
fires ;  one  on  the  left  hand,  about  three  miles  from  the  road, 
which  has  been  burning  these  eight  years.  The  heap  of  coal  is' 
said  to  cover  12  acres.  The  other  on  the  right  hand  is  nearer 
the  road,  and  therefore  appears  more  bright ;  it  has  been  burn- 
ing these  three  or  four  years.  These  fires  are  not  visible  during 
the  day,  but  only  during  the  night.  It  has  often  occurred  to 
me,  says  Dr.  Thomson,  that  this  small  coal  might  be  converted 
mto  coke  with  profit,  and  certainly  in  all  cases  where  coal  gas 
is  wanted  it  would  ansiirer  as  well  as  any  coal  whatever.  And 
surely  such  an  important  waste,  amounting  to  20  per  cent,  on 
the  whole  consumption  of  an  article  so  essential  to  our  com- 
mercial gresitness,  and  of  which  we  may  already  calculate  the 
Hmited  supply,  calls  loudly  for  timely  legislative  interference* 

*  Beneath  the  heaps  that  have  taken  fire,  a  bed  of  blackish  brown  scoria 
is  formed,  which  greatly  resembles  basalt,  and  is  used  for  mending  the  roads. 
(G.T.  vol.4,  p.  54.) 
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;  Wallis,  in  his  history  of  Nortfaumberland,  giv^s  %n  accoimt 
of  a  fire  happeniqg  in  the  High  Main  coal-bed  about  140  years 
ago,  on  the  Town  Moor  and  Fenham  estate?,  which  continued 
to  burn  for  30  years.  It  began  at  Benweli,  about  a  quarter  of  a 
mile  north  of  the  Tyne,  and  at  last  extended  itself  northward 
into  the  grounds  of  Fenharo,  nearly  a  mile  from  where  it  first 
appeared.  There  were  eruptions  at  Fenham  in  nearly  twenty 
places;  sulphur  and  sal  ammoniac  were  sublimed  from  the 
apertures ;  but  no  stones  of  magnitude  were  ejected.  Red  ashes 
and  burnt  clay,  the  relics  of  this  pseudo»yolcano,  are  still  to  be 
seen  on  the  western  declivity  of  Benwell  hill ;  and  it  is  credibly 
reported  that  the  soil  in  some  part  of  the  Fenham  estate  hai 
been  rendered  unproductive  by  the  action  of  the  fire. 

The  choak'damp^  the  Jire'damp^  and  afier^damp  or  stythe^ 
are  the  miners  terms  for  the  gassqs  with  which  the  coal  mines 
are  affected,  and  of  these  the  second,  both  from  its  immediate 
violence  and  as  occasioning  the  other  kinds  of  damps,  is  th& 
most  to  be  dreaded.  The  accidents  arising  from  it  have  become 
more  common  of  late  years ;  but  it  should  not  for  a  moment.be 
supposed  that  they  arise  from  any  want  of  skill  or  attention  in 
the  professional  surveyors  of  the  mines.  The  following  seem 
to  be  the  causes  in  which  the  gas  originates. 

1st.  The  coal  appears  to  part  with  a  portion  of  carburetted 
hydrogen,  when  newly  expos^  to  the  atmosphere ;  a  fact  ren- 
dered probable  by  the  well  known  circumstance  of  the  coal 
being  more  inflammable  when  fresh  from  the  pit,  than  after 
long  exposure  to  the  air.  2nd.  The  pyritous  shales  that  form 
the  floors  of  the  coal  seams,  decompose  the  water  that  lodges 
in  them,  and  this  process  is  constantly  operating  on  a  great 
scale,  in  the  extensive  waste  of  old  mines.  In  whatever  mode 
we  suppose  the  gas  to  be  generated,  it  is  disengaged  abundantly 
from  the  High  Main,  but  more  particularly  from  the  Low 
Main  coal-seam,  and  in  a  quantity  and  with  a  rapidity  that  are* 
truly  surprising.  It  is  well  known  that  the  gas  frequently  fires 
in  a  shaft,  long  before  the  coal-seam  is  reached  by  the  sinkers ; 
and  that  the  pit-men  occasionally  -open  with  their  picks,  crevi- 
ces in  the  coal  or  shale,  which  emit  700  hogsheads  of  fire-damp 
in  a  minute.  These  blowers  (as  they  are  termed)  continue  in 
a  state  of  activity  for  many  months  together,  and  seem  to 
derive  their  energy  from  communicating  with  immense  reser- 
voirs of  air.  .All  these  causes  unfortunately  unite  in  the  deep 
and  valuable  collieries  situated  between  the  great  north  road 
and  the  sea.  Their  air-courses  are  30  or  40  miles  in  length, 
and  here,  as  might  be  expected,  the  most  tremendous  explosions 
ensue. 

The  after-damp  or  sty  the,  which  follows  these  blasts,  is  a 
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jmixtare  of  the  carbonic  acid  tanA  a^tic  gases  r^i^lHng  from 
tbe  combustion  of  the  carburet  ted  hydrogen  in  atmospheric 
Airy  and  more  lives  are  destroyed  hj  this  thaii  by  the  Yiolenco 
of  the  fire-damp.  • 

To  guard  against  these  accidents,  every  prlfcautiOft  is  t^ked 
that  prudence  can  devise,  in  conducting  and  in  ventiiating  the 
inines.  Before  the  pitmen  descend,  wastem^n,  whose  business 
Is  to  examine  those  places  Where  danger  is  suspected  to  lurk, 
traverse  with  flint^mills  *  the  most  distant  and  neglected  parts 
of  the  workings,  in  order  to  ascertain  whether  atmospheric  air 
drculates  through  them.  Large  furnaces  are  kept  burning  at 
the  ilp«cast  shafts,  in  aid  of  which,  at  Wall's-end  colliery,  A 
powerful  afr-pump,  worked  by  a  steam-engine,  is  employed  t6 
quicken  the  draft :  this  alone  draws  out  of  the  mine  1000 
hogsheads  of  aii^  in  a  minute.  A  kind  of  trap-^door,  inrented 
by  Mr.  Buddie^  has  also  been  introduced  into  the  workings  of 
this  colliery.  This  is  suspended  from  the  roof  by  hinges, 
-wherever  a  door  is  found  necessary  io  prevent  the  escape  of 
tAT.  It  is  propped  up  close  to  the  roof  in  a  horizontal  position ; 
but  in  ease  of  an  explosion,  the  blast  removes  the  prop,  where-^ 
bj  the  door  faUs  down  and  closes  tire  aperture. 

Sandstone  \%  termed  po^l  by  the  miners  of  the  CodUmedsures  ^ 
but  when  the  bed  is  vei^  hard  it  is  termed  whin ;  which  there- 
fore is  not  applied  to  badalt  only,  though  most  frequently.  A 
bed  66  feet  thick  crops  out  at  the  hill  called  Gateshead  Fell, 
on  the  south  of  Newcastle,  and  is  quarried  for  grindstones 
If hich  are  of  good  quality.  Great  Britain  and  even  the  Conti- 
nent are  supplied  chiefly  from  this  place.  The  softer  parts  of 
the  bed  are  used  as  filtering  stones^  There  are  about  25  beds 
of  sandstone  in  the  Coal-measures;  the  greater  part  of  them 
are  thin. 

The  beds  of  shale  in  the  CoaUmeasures  amoi:fnt  to  about  32 
in  number.  Shale  is  called  metal  or  metaUstone  by  the  miners  ; 
thus  they  have  grejfj  blue^  or  black  metal,  according  to  the 
eolour  of  the  shale ;  when  very  indurated  it  is  called  whin  by 
the  Newcastle  colliersi  The  beds  of  shale  are  usually  thinner 
than  those  of  the  sandstone  with  which  they  alternate.  Both 
the  sandstone  and  shale  form  the  roof  and  floor  of  the  coal«* 
beds ;  but  the  latter  much  more  frequently  than  the  former. 
Each  is  to  be  seen  in  immediate  contabt  with  the  coal,  without 
the  smallest  sensible  alteration  in  its  properties.  But  a  hard 
bituminous  shale  often  forms  the  floor  of  the  coal-beds,  v^hich 
is  used  by  the  manufacturers  of  fire-bricks. 

•  An  api>aratu8  for  producing  light,  without  the  dancer  of  inflammatioB^ 
by  the  friction  of  flint,  now  generally  superseded  by  the  tafety4aiiRp. 
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^  hi  tk&tM^etaaresj  potte^s^  ela^  occtkts  iran^ediately'  below 
the  y§egi&hMe  sqH«    ItS'  coiottr  is  blv^h  or  smoke^'efy  and^ 
sometimes  TeUdw  »ppfoa^y»g  to  ortiDge,  in  conseqileitce  of  a^ 
mixture  of  uroa  ocbre.     it  is  tt8«d  In  the  .maDttlkctiir&  of  coarse' 
eartbeiivwarcy. bricks,  and  tiles. 

'  The  trap  rocks  occnrring  in  ceimexion  with  Ihe^coal-mca-* 
anres^  whether  as  dykes,  of^erlyiDg  masses,  or  bedd,  will  be^ 
noticed  in  a  separate  article  in  the  Appendix.  -^ 

'  Thermnerals  thwt  meomp^ny  the  coat  strata  are  the  follow- 
ing ;  ickty-ironstone  forming  thin  beds  or  nodules  in  the  strata 
of  shale;  in  the  nodnks  of  olay*-irondtone  are  foutid  galena' 
^nd  iroii  pyrites ;  and  the  latter  is  fouikd  in  great  abundance 
crystallized  and  disseminated  in  the  beds  both  of  coal  and  of 
sfaiale.  Calcareous  spar  is  common,^  either  blended  with  the 
coal,  or  in  the  fonn  of  stalagmitiss. 

The  organic  remains  found  in  the  coed  strata  are^  acci?rd1ng 
ijo  Messrs.  Winch  &  Th^»son, — In  the  shale,  the  impressions 
of  several  plants,  amongst  whioh  is  a  rariety  of  fbrn.  Another 
fern  or  two  1&  fonod  in  the  nodules  of  clay-ironstone,  as  well  as 
impressions  of  cones..  Impressions  of  the  bark  of  a  plant 
resembling  euphorbia,  in  iroii  pyrites,  are  found  in  severaf 
eollieries ;  of  another  plant  in  coal:  vegetable  impressions  in 
aandstooe :  the  cast  of  a  cane-tike  vegetable  :  an  aggregate  ot 
black  quarts  crystals  diverging  fVom  the  centre,  having  th^ 
interstices  filled  with  yellow  ochre ;  it  is  supposed  to  be  d| 
mineralized  ^ee^  and  is  found  at  BigglB's  Main  colliery,  and 
often  in  large  masses  on  the  sea-shore.  Bivalve  shells,  like 
those  of  the  freshwater  muscle,  in  dark  grey  ironstone,  and 
in  black  shale  and  ironstone?  the  same  in  black  sha)e  la' 
Hebbum  colliery,  at  the  depth  of  780  feet. 

In  one  of  the  sandstone  strata,  termed  fire^stone^  a  tree  has 
lately  been  discovered,  9S  or  30  feet  in  length.  The  trunk 
tod  larger  branches  are  siliceous,  while  the  bark,  the  small 
branches,  and  the  leaves^  are  converted  into  coal ;  and  it  is 
believed,  that  the  small  Teins  of  coal,  called  by  the  miners 
caal^'pipesj  owe  their  origin  unirersally  to  small  branches  of 
trees.  It  is  stated  by  Mr*  Winch,  as  a  remarkable  and  in- 
teresting fact,  that,  while  the  trunks  of  trees  ih  the  Whitby 
aJnm-shale  aro  mineralised  by  calcareous  spar,  clay-ironstone^ 
and  iron^pyrites,  and  their  liark  *18  converted  into  jet ;  those 
buried  in  the  Newcastle  sandstones  are  always  mineralized  by 
iHes,  and  ^eir  bark  is  changed  into  common  cioal.  (Ann. 
Dec*  1817^  p.  68.)  In  the  introductory  chapter  a  more  precis^ 
accirant  of  these  remains  win  be  found.  ^ 
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.  Haying  thus  examined  the  cbntents  and  dispontioD  of  tlie 
tyuipus  beds  entering  as  constituent  members  into  what  arer 
termed  the  4X>ai-meaBUres  of  tl^  field,  it  remains  to  complete 
oar  survey  of  it,  that  we  should  notice  the  difficulties  which 
perplex  and  impede  the  operations  of  the  miner;  and  which 
i^rise  from  the  frequent  derangemait  and  dislocation  of  the 
igtrata;  the  results  and  proofs  of  ancient  convulsions  of  the 
globe* 

The  principal  class  of  these  comprises  what  are  generally 
termed  faults ;  the  phenomena  of  which  are  these.  The  strats 
aire  rent  to  an  immense  depth  by  fissures  usually  approaching 
to  a  perpendicular  direction ;  which  ikat  only  separate  them, 
but  are  also  accompanied  with  the  elevation  and  depression 
pi  the  portions  of  strata  occurring  on  their  opposite  sides,  inr 
such  a  manner  that  the  same  stratum  is  found  on  the  different 
aides  of  the  fissure,  mt  very  different  levels ;  the  difference 
Sometimes  amounting  to  several  hundred  fathoms.  These 
fissures  do  not  remain  empty,  but  are  filled  with  various 
aubstances  in  the  coal-field  of  which  we  are  now  treatiug^ 

These,  if  large,  are  locally  called  d^kes;  but  if  incdn<* 
aiderabie,  troubles^  sl^s^  or  kUchet, 

The  most  celebrated  of  these  is  called  the  Makt  or  Great 
di/kej  or  90  fathom  dyke.  The  latter  name  has  been  given  ta 
it,  because  the  beds  on  the  northern  side  are  90  fathoms  lower 
iban  those  on  the  southern  side  of  it ;  its  underlie  is  incon- 
siderable«  In  some  places,  its  width  is  not  great,  but  in 
Montagu  colliery^  it  is  %^  yards  wide,  and  it  xhjilkdmth  hard 
and  s<fi  sunditone.  This  dyke  is  visible  in  the  cliff  at  Whitley 
f  uarry,  a  short  distance  north  of  the  mouth  of  the  Tyne,  from 
which  place  it  traverses  the  coal  strata  in  the  general  direction 
of  north-north-east  and  pouth-south-west,  but. not  in  a  straight 
line ;  and  it  is  considered  to  be  probable  that  it  passes  into  the 
formations  underlying  the  coal-measures :  a  small  string  of 
galena  has  been  observed  in  it  at  Whitby*  From  the  sout^m 
aide  of  this  dyke,  two  others  branch  off,  one  tb  the  south-east 
and  the  other  to  the  south-west.  The  latter  is  very  remark* 
able :  it  is  called  from  its  breadth,  the  70  yard  dyke,  and  fei 
filled  by  a  body  of  hard  and  soft  sandstone.  This  intersects 
the  upper  or  Beaumont  seam  of  coal,  which  is  not  thrown  out 
pf  its  Level  by  the  interrMption.  The  seam  however  decreases 
jun  thickness  from  the  distance  of  15  or  16  yards,  and  the 
coal  first  becomes  sooty  y  and  at  l^gth  assumes  the  appearance 
pf  coak.  This  phenomenon  is  unknoten  elseaherey  except  in 
the  vidmty  of  basaltic  dykei.  The  aouth-eastem  branch  i» 
pnly  20  yards  in  breadth. 
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There  are  several  other  dykes  of  the  same  kmd,  which^ 
Ibllowing  the  same  law  as  the  cross  veras  in  the  lead  miiie 
district,  elevate  the  strata  on  the  side  to  which  they  d^. 

The  djkes  are  an  endless  source  of  difficulty  and  expense  to 
the  coal-owner,  throwing  the  seams  out  of  their  levels,  and 
filling  the  mines  with  water  and  fire-damp.  At  the  same  time 
they  are  not  without  their  use;  when  veins  are  filled,  as  !• 
often  the  case,  with  stiff  clay,  numerous  springs  are  dammed 
up,  and  brought  to  the  surface  ;  and  by  means  of  those  dykes 
which  throw  down  the  strata,  valuable  beds  of  coal  are 
preserved  within  the  field,  which  would  otherwise  have  cropped 
out,  and  been  lost  altogether.  Several  valuable  beds  of  coal 
would  not  now  have  existed  in  the  country  to  the  north  of  the 
main  dyke,  but  for  the  general  depression  of  the  beds  occa-^ 
sioned  by  that  chasm. 

In  many  instances  dykes  occur,  filled  by  rocks  of  the  trap 
formation ;  but  these  will  be  treated  of  in  a  separate  article  iii 
the  appendix. 

Having  treated  so  copiously  of  this  important  coal-field,  the 
ethers  which  we  have  to  notice  may  be  dismissed  more  briefly^ 
siace  in  general  circumstances  they  all  agree. 


ib)  DETACHED  COAL-FIELDS  IN  THE  NORTH  0P 
YORKSHIRE. 

I^t>ceeding  into  the  north  of  Yorkshire,  the  superincumbent 
l>eds  of  magnesian  limestone,  extending  themselves  far  to  the 
west,  overlie  and  conceal  the  cool  formation,  coming  immediate-* 
ly  into  contact  with  the  inferior  strata  of  the  millstone  grit  and 
earboniferous  limestone  formations.  Near  Middleham,  and  at 
Scrafton,  Leybum,  Thorp,  Fell  near  Burnsell,  and  as  far  west 
•8  Kettlewell,  on  a  hill  called  centre  lights,  there  are  several 
small  detached  coal  basins  provincially  termed  swiileys^  lying 
in  hollows  in  the  gritstone.  They  are  of  limited  extent^  and 
the  seam  is  seldom  more  than  twenty  Inches  tluck.  At 
Hudswell  Moor,  the  lowest  and  thickest  part  of  the  coal  is  onei 
yard,  but  the  stratum  diminishes  and  vanishes  at  the  edges«r 
The  extent  of  this  coal  is  about  one  mile  in  each  direction. 
(Bakewell,  p.  370.)  It  may  be  doubted  however^  whether 
diese  unimportant  beds  should  not  rather  be  referred  to  the 
thin  coal  seams  subordinate  to  the  millstone  grit  series,  than  to. 
lite  principal  coal  measures* 
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Od    GREAT  COAL-FIELD  OF  SOUTH  YORKSHIRB^ 
NOTTINGHAM,  AND  DERBYSHIRE. 

Advancing  to  the  soathera  parts  of  Yorkshire,  we  surive  ftt 
the  great  Yorkshire  and  Derbyshire  coaUfield  which  rivals, 
or  even  surpasses  in  importance,  that  of  Nortbumbeiiaod, 
with  which  it  so  closely  agrees  in  the  direction,  inclination^ 
and  character  of  its  strata^  that  it  may  not  be  improperiy 
consideiced  as  a  re-«mergence  of  the  same  beds  from  beneath 
the  covering  of  magnesian  limestone  which  has  concealed  them 
throiKgh  .50  long  an  interval* 

This  coal-field  occupies  an  area  nearly  triangular,  bnjt  with 
a  truncated  apes*  The  base,  or  broadest  part  being  at  the 
northern  extremity;  and  the  apex,  or  niu-rowest,  at  the  southem; 
itg^rea^est  length,  which  is  &om  north  to  soath  between 
Leeds  in  Yorkshire  and  Nottingham.,  is  abp^e  60  mileSi. 
Its  greatest  breadth,  from  east  to  west,  which  is  in  tbf 
Yorkshire  -portion,  is  about  22  mileft* 

Like  those  of  the  Northumberland  Goal-field  its  strata  lanige 
from  north  to  south ;  dip  to  tbe  enst,  ^here  they  sink  beneath 
the  super  strata  of  magnesian  lime,  and  rise  to  the  west  and 
north-west,  in  which  directions  the  lowest  measures  at  length 
Gi«|)  out  against  the  focks  ef  the  mfUstone-giit  scries,  whic^ 
constitute  the  higher  riciiges  of  the  Penine  Chain. 

Mr.  Farey  has  inserted  in  his  agricultural  report  on  Derby- 
shire, a  list  of  all  the  principal  coal-pits  in  this  field :  which 
might  be  more  easily  consulted,  were  it  not  Confused  by  th^ 
insertion  of  the  pits  of  several  ^her  coal-fields  unconnected 
with  this,  and  disposed  in  an  alphabetical  i>rAer;  the  verjr 
worst  arrangiement  that  can  possibly  be  adopted  with  a  view  to 
geological  reference,  for  which  a  disposition  according  te 
g^ogiaphical  >situatien  is  almost  indispemsable.  He  has  likewise 
Sumished  several  other  i^articulars  from  nrhtch  the  follo^i^ 
are  extracted. 

It  is  ascertained  that  the  strs^ta  of  which  the  whole  formation 
consists,  are  numerous.  Th^e  are  20  gritstone  beds,  numelnoaf 
strata  of  Aale,  bind,  and  cluach,  alternating  with  several  beds 
of  coal  of  4i^ent  thickness  and  value,  the  lowest  of  these  il 
termed  the  millstone-grit,  be»eath  which  no  workable  coal  in 
ioond  Some  of  the  rgHtstone  beds  are  of  great  thickness,  and 
%re  described  as  consisting  of  grains  of  semi^traBsparent  silex, 
united  by  an  argillaceous  cement ;  in  some  ctf  the  beds  theno 
are  subordinate  ones,  in  which  the  cement  is  very  small  in 
quantity,  and  from  which  are  quarried  grindstones  for  cutlers, 
&c.     The  beds  of  shale  copyist  of  a  slaty  argillaceous  sub* 
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jtaice  oC  a  black  or  biowa  colour,  rarely  of  a  light  yellowy 

Ihelr  joints  are  ochreoss ;  and  the  springs  of  water  nsaiog  from 

ikeii  are  tinged  hf  iron*  Some  of  tfaem  contain  roundish  or  oTato 

masses  of  targUlmie^ui  irotut^ne^  and  even  thin  strata  of  it,  in 

irhich  are  oci^y  impressioos  of  vegetables.     Oae  of  these  beds 

of  iimistone  which  occurs  towards  the  middle  of  the  coal  series 

in  a  line  tiaversing  the  field  in  the  parallel  of  Tupton  is  remaii^^ 

able  for  abundant  impressions  of  muscle  shells;  whence  it  if 

known  by  the  name  of  the  nmsde  band.    It  is  worked  aa  an 

ornamental  marble.   The  thickness  of  this  bed  is  8  or  10  inches. 

These  ironstones  4ip^  of  course,  with  the  strata,  beneath  the 

grass;  and  the  workings  of  them,  which  are  numerous,  are 

begun  at  the  surface,  and  pursued  Imtil  it  beconies  dangerous, 

fiom  the  loose  nature  of  the  stratum  in  which  they  lie,  to  follow 

ftkem  deeper.    In  MMue  {daces,  where  the  texture  of  the  bed  is 

favourable,  the  iron-ore  has  been  followed  down  S5  or  40  yards. 

This  ore  also  b  found  in  the  beds  which  are  by  the  miners 

K^aUed  BiruUy  which  Kppea,T  to  be  beds  of  indurated  loam,  or  of 

sand  and  clay  mixed  and  indurated,  and  whidi  are  enclosed  in 

the  Jhale  Just  noiticed ;  the  bind  falls  to  pieces. on  exposure^ 

however  hard  It  may  be  in  its  natural  sti^  and  position*  When 

thie  aand  abounds,  and  the  bed  b  very  hard,  it  is  called  stohe« 

bind,  and  it  then  contains  soaks  of  mica.    Binds  are  black,  «r 

blue,  yellow,  grey,  &c.    Some  of  the  rerj  bard  black  binds 

are  used  as  Mack  chalk  by  the  stone  mason.     Others  when  de* 

composed  become  good  brick  clay,  as  well  as  the  Cluttckef^ 

which  we  have  yet  to  notice.     Clunch  is  indurated  clay,  and 

^yields  those  uifnsibie  kinds  which  are  adapted  for  fire-bricks; 

it  varies  in  hardness,  and  is  blaick,  grey,  yellow,  white,  Sta, 

Clunch  is  generally  found  immediately  beneath  each  bed  of 

coal,  and  at  the  places  where  it  bassets.or  crops  o«t  on  the.snr* 

face,  becomes  sc^t  clay. 

A  hard  argillaceous  rock  called  Crowstmie  forms  in  smno 
places  the  fioor  of  the  coal-beds.  This  may  perhaps  be  con* 
sidered  as  a  variety  of  the  clunch,  still  more  highly  indnrated. 

Potters  clay  of  various  hues  and  qualities  oecurs  in  this  coaU 
field. 

In  consequence  of  the  disturbance  created  by  the  faults  pre^ 
sently  to  be  described,  Mr.  Farey  had  not,  at  the  period  of 
publishing  his  report,  ascertained  the  exact  number  or  order  of 
the  Coal-seams  in  this  field :  but  according  to  the  manager  of 
ike  Al&eton  coal  works  (see  Bakewell,  384),  in  the  whole  of 
this  range  there  are  thirty  different  beds  of  coal,  varying  from 
six  ind^  to  11  feet ;  wtd  the  total  thickness  of  coal  is  26  yard^, 
Thfb,  however,  is  only  offered  as  an  approximatimi. 
.  Xhere  is  an  aocount  sif  some  of  the  coal^earas  njear  the  south* 
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«asteni  extremitj  of  the  field  ia  Townsend's  Vind.  Mos.  p.  169L 
Every  variety  of  coal  appears  to  occur  in  this  field.  Hard  9tone 
coals,  which  neither  flame  nor  run  together  in  the  boratng; 
soft  or  crozzling  coals,  which  do  both ;  Cannel  coal;  and  irri« 
descent  or  peacock  coal  are  mentioned ;  and  we  are  told  that 
the  same  bed  of  coal  in  different  parts  of  its  course  varies  from 
one  to  the  other  quality,  i.  e.  from  an  hard  to  a  crozzling 
coal. 

According  to  Mr.  Farey,  the  strata  of  this  field  are  traversed 
wad  dislocated  by  an  immense  fault  proceeding  from  near  tho 
termination  of  the  raagnesian  limestone  range  on  the  seutb^ 
northwards,  in  a  zig-zag  direction,  on  the  western  side  of  that 
limestone,  quite  into  Yorkshire.  Of  this  fault,  nothing  has,  w« 
believe,  been  said  in  regard  to  its  size  or  c<mtents:  bnt  it  is 
l>elieved  to  be  owing  to  it  that  the  coal  strata  of  Derbyshire  and 
Yorkshire,  through  which  it  passes,  are  on  the  west  of  it,  sa 
dislocated,  that  it  would  be  extremely  difficult  so  to  cmmect 
the  beds  of  coal,  and  the  interposed  substances,  as  to  form  a 
ireasonable  conclusion  as  to  their  number  and  nature.  The  beds 
of  coal  east  of  the  fault,  are  known  to  pass  beneath  the  mag* 
oesian  limestone,  since  they  are  worked  beneath  lu 

The  rise  of  the  strata  is  said  to  be  much  more  rapid  on  the 
western  than  on  the  eastern  side  of  this  fault.  It  must  be 
added,  however,  that  the  existence  of  this  fault  rests  entirely 
on  the  authority  of  Mr.  Farey,  and  is  disputed  by  many  miners* 
Many  other  faults,  however,  and  some  of  considerable  magni^ 
tude,  are  ascertained  to  traverse  the  field  in  various  diiect^8# 
The  vegetable  remains  of  these  coal-measures  agree  with  those 
discovered  in  the  Northumberland  field :  most  of  them  are  ac« 
curately  figured  in  Martin's  ^^  Petrifacticms  of  Derbyshire.^' 
.  This  coal-field  terminates  abruptly  on  the  south  near  Notting^ 
ham;  horizontal  strata  of  the  newer  red  sandstone  and  r^ 
marie  prevailing  on  the  south  of  a  parallel  of  latitude  passing 
through  that  town,  and  abutting  against  the  inclined  strata  of 
the  coal-formation,  carboniferous  lime,  &c.  Mr.  Farey  was  at 
first  inclined  to  attribute  this  relative  position  of  these  formations 
to  the  effects  of  an  enormous  dislocation  or  fault :  but  the  more 
probable  explanation  appears  to  be  that  in  this,  as  in  many 
other  instances,  the  rocks  of  the  coal  series  had  assumed  their 
inclined  position  previously  to  the  formation  of  the  newer  red 
sandstone :  which,  being  deposited  in  horizontal  beds^  by « 
necessary  consequence,  was  brought  successively  in  contact,  at 
the  same  level  with  the  various  beds  of  older  formation  as  thdr 
inclined  position  caused  them  to  rise  in  succession  to  the  surface^ 
in  the  same  manner  that  the  waters  of  the  sea  washing  the  foot 
ef  a  cliff  composed  of  inclined  strata^  would  succissii^jr  bathe 
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i\\  itf  strstft.  And  this  explanation,  as  appears  from  some  later 
piqpers  inflilloch^s  Joumid,  Mr.  Farey  is  now  himself  inclined 
taadoft. 


(lO  BETWEEN  ASHBORNE  AND  DERBY. 

We  have  next  to  speak  of  the  iadicatioos  of  coal  on  the  south 
4>f  the  Penine  chain, — between  it  and  the  Trent.  The  horizon* 
tal  deposits  of  the  newer  red  sandstone,  which,  as  we  have  seen^ 
aweep  in  what  is  called  an  unconformable  and  oyerljing  posi^ 
tioiii,  round  this  extremity  of  the  chain,  generally  conceal  all 
•Ider  rocks  from  observation.  Coal  has,  however,  been  proved 
to  exist  within  this  tract  at  two  points ;  both  so  nearly  oontign* 
^ms,  as  probably  to  form  parts  of  one  coal-field,  situated  about 
half  way  between  Ashbome  and  Derby.  These  points  are 
Sprinx*hall  in  Edlaston  parish,  and  Darley  moor.  On  the  east 
and  west  of  the. coal-field  thus  assumed,  are  patches  of  moun<« 
tain  limestone  at  Wild  park,  in  Magginton  parish,  and  Birch.* 
wood  park  in  Boston*  Millstone-grit  also  occurs  on  the  Trent 
4it  Stanton  bridge. 


(e)    COAL-FIELDS  OF  NORTH  STAFFORD. 

Turning  from  the  south  along  the  western  side  of  the  Penine 
^hatn^  we  meet  in  the  north  of  Staffordshire  with  two  detacb[ed 
coal-fields ;  namely  that  of  Cheadle,  and  that  of  Newcastle* 
under-Une,  called  the  Pottery  coal-field. 

The  Cheadle .  coal-field  appears  to  consist  of  an  insulated 
basin  .of  the  lower  members  ojf  the  coal  series  surrounded  by, 
and  reposing  upon,  mtUstone^'grit ;  which  latter  rock,  according 
to  Mr..Farey  ^'  from  Dilhom  northward  round  by  Ipstone  edge, 
iuid  southwards  to  near  Oak  Moor  Mills,  declines  towards 
Cheadle  as  a  centre ;  being  covered  by  the  lower  part  of  the 
coal  series  in  Ipstone,  Foxley  and  Kingsley.  Near  Cheadle, 
and  to  the  south  of  it  the  coals  arc  thicker  and  better  in  qua- 
lity; but  the  great  thicknesl^of  quartz  gravel  which  occurs 
southward  and  round  that  town  prevents  the  tracing  these  very 
fati^iaetorily."  p.  173. 

%  Of  the  Pottery  coal-field  whic^  next  claims  our  attention,  a 
short  description  is  inserted  in  Pitt's  Topopgraphical  History  of 
Staffordshire.  This  coal-field  appears  to  occupy  a  triangular 
esea  of  which  the  apex  is  situated  niiar  Mole  Copt  Ull;  henoe 
the  sides  diverge  to  the  south-south-east  and  south-south-west, 
w.cacb  direction  About  ten  .miles*    New^Mtle-uader-Line  It 
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sitoaled  about  the  middle  of  the  base  (which' mily  be  estimated^ 
at  about  seireu miles)  but  falls  rather  within  the«rea«  From  the< 
two  sides  the  strata  dip  towards  the  centre  of  the  aro^  Onf 
the  north-eastern  side,  the  inclination  westward  is  estimated  at 
one  foot  in  four ;  on  the  north-western,  where  the  strata  crop 
out  against  Mole  Copt  and  the  Haredistle  hills,  the  in^i^ation 
eastward  is  still  more  rapid.  We  are  not  informed  in  what 
manner  the  strata  lie  along  the  base  line  by  Newcastle,  ^hetlier 
they  dip  north  and  so  render  this  coal-field  a  conpi^e  and 
insulated  basin,  or  whether  the  strata  continue  to  range  in  tlieii' 
former  planes,  and  thus  the  coal-field  in  this  direction  t^rml-f 
nates  either  by  a  fault  or  by  the  overlaying  of  the  superior 
formations.  As  the  red  marie  occurs  near  Newcastle  on  t)i# 
south,  the  latter  is  perhaps  the  more  probable  suppositloa^ 
Between  Burslem,  which  is  nearly  in  the  centre  of  the  ceaU 
field,  and  its  eastern  limit  at  the  range  of  hills  east  of  NortOft 
church,  it  has  been  clearly  ascertuned  that  there  are  39  bedd 
of  coal,  of  Tarious  thicknesses^  generally  from  about  three  to^ 
ten  feet  each. 

:  On  the  north-east  and  north*west,  the  coal-field  appears  to 
be  bounded  by  the  cropping  out  of  the  millstone-grit  on  which: 
the  coal  strata  rest.  Mole  Copt  and  the  Harecastle  hills  exhibit 
this  rock,  while  beneath  these  on  the  further  side,  the  car- 
boniferous limestone  shews  itself  towards  Congleton. 


(f)    THE  MANCHESTER,  OR  SOUTH  LANCASHIRE 
COAL-FIELD. 

Vie  have  next  to  notice  a  far  more  extenave  and  important 
coal-vfield,  that  of  Manchester,  or  South  Lancashire;  or,  as  ii 
is  called  by  Mr.  Farey,  the  great  Derbyshire^  and  Lancashire 
coal-field.  This  commences  in  the  north-western  parts  of 
Derbyshire,  and  ranges  thence  to  the  south-western  parts  ai 
Lancashire :  forming  a  crescent-like  figure,  with  Manchester 
nearly  in  the  centre :  the  chord  or  span  between  the  opposite 
horns  of  which,  is  about  40  miles«  Speaking  generally,  it  may 
be  said  that  the  strata  rise  towards  the  exterior  edge  of  thii 
crescent,  along  which  the  inferior  strata  of  millste«e-grit  crop 
out  from  beneath  them,  and  dip  towards  its  inner  edge ;  along 
which  they  are  covered  by  the  superior  striata  of  the  newer 
sandstone  formation,  c^mtaining  occasionally  beds  of  the  cal< 
cateo^magnesian  conglomerate.  Great  disturbances  howevet 
interrupt  the  regularity  of  the  disposition  here  sketched  out« 
In  the  first  place,  what  may  be  called  the  south-eadtern  horn  of 
the  ^crescent,  forming  they  portion  of  the  coal-field  which  lie* 
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within  Derbyshire  and  Cheshife,  bifurcates  at  the  tillage  of 
Disley  in  the  latter  county,  being  divided  into  t#o  branchw  by 
sn  intermediate  ridge  or  ''  saddle  of  millstone-^t ;  the  eastern 
branch  forming  a  trough  of  which  the  strata  crop  out  on  both 
sides  against  the  mill-stone-grit."  To  this  part  of  the  field,  Mr. 
Farey  has  applied  the  appellation  of  the  Goyte  Trough,  from 
a  small  river  of  that  name  which  runs  through  it.  It  extends 
about  15  miles  from  Disley  southwards,  to  near  Mearbrooke  in 
Staffordshire. 

■  Of  the  western  branch  of  this  bifurcation  in  the  coal-field, 
Mr.  Farey  gives  the  following  account.  ^*  From  the  ridge  at 
Disley,  the  strata  decline  or  dip  again  to  the  west,  but  not  so 
rapidly  as  they  rose.  This  occasions  the  coal-measures  in  this 
field  again  to  cover  the  millstone-grit  for  some  miles  south- 
south-west  of  Disley,  when  a  fault  commences,  which  proceeds 
south ;  and  between  this  fault  and  Macclesfield  the  measures 
again  basset  west." 

Mr.  Farey  adds  that  he  was  nnabk  from  the  limits  of  his 
observations  to  state  how  much  further  to  the  west  this  undu- 
lating of  the  strata  might  continue.  But  that,  from  sonid 
excursions  he  had  made  to  other  parts  of  this  field  i^  Cheshire 
and  Lancashire,  he  was  ^^  induced  to  think  that  enormous 
faults  occur  in  these  districts,  which  will  render  the  elucidation 
of  their  highly  valuable  strata,  containing  more  than  50  seams 
of  coal  in  a  few  hundred  yards  of  sinking,  a  work  of  some 
labour  and  difficulty."' 

It  is  much  to  be  regretted  that  we  have  no  precise  infor- 
mation with  regard  to  the  remaining  and  far  more  important 
part  of  this  great  coal-field,  which  lies  within  Laneashire.  But 
it  is  to  be  hoped  that  the  scientific  spirit  which  has  always  pre- 
vailed at  Manchester,  will  not  much  longer  suffer  this  deficiency 
to  exist  on  a  point  so  peculiarly  connected  with  the  local 
interests  of  that  great  and  opulent  town.  At  present,  however, 
we  find  nothing  (o  add  to  the  very  general  view  already  given, 
with  the  exception  of  the  short  memoir  of  Mr.  Bakewell% 
published  in  the  second  volume  of  the  Geological  Society's 
Transactions,  which  relates  only  to  a  small  and  insulated  por- 
tion of  this  field  (by  him  entitled,  the  coal-field  of  Bradford), 
extending  little  more  than  two  miles  in  length,  by  2000  yards 
in  breadth. 

This  tract  is  situated  on  the  river  Medlock,  a  short  distance 
east-south-east  of  Manchester,  and  the  phoenomena  presented 
by  it,  are  shortly  as  follows.  It  is  surrounded  on  ev^ry  side 
except  the  east  by  the  prevailing  red  sandstone  of  the  environs 
of  Manchester,  of  which  the  relation  to  the  coal-measures 
appears  in  this  neighbourhood  not  to  have  been  ascertained; 
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but  which,  most  probably  is  the  hewer  red  saiidstcme  ;  a  con^ 
jecture  strengthened  from  the  circumstance,  that  beds  of  lime- 
stone are  interposed  between  it  and  the  highest  coal  strata,  a 
position  which  exactly  agrees  with  that  of  the  magnesian  lime* 
Beneath  this  limestone  several  beds  of  coal  basset  out,  rising  to 
the  north  under  an  angle  of  30^  One  of  these,  near  the  middle 
of  the  field,  is  four  feet  in  thickness.  To  the  north  of  these 
inclined  beds  an  interval  occurs  in  which  the  direction  of  the 
beds  becomes  suddenly  vertical ;  and  one  of  the  vertical  beds  so 
exactly  resembles,  both  in  itself  and  its  concomitant  strata,  the 
four-foot  coal  above  mentioned,  that  little  doubt  can  exist  of  its 
being  a  continuation  of  that  bed,  broken  off  and  thrown  into 
its  present  position  :  with  these  vertical  beds  the  coal-measures 
terminate  for  some  distance  on  the  north,  an  interval  of  the 
red  sandstone  succeeding;  beyond  which,  however,  at  the 
distance  of  1400  yards,  they  again  emerge  in  the  collieries  of 
Droylsden,  rising  as  at  first  towards  the  north.  These  circum- 
stances appear  only  to  indicate  that  the  coal-measures  have 
here  been  dislocated  by  considerable  faults  and  subsidences ; 
and  that  the  newer  red  sandstone,  in  consequence  of  its  having 
been  deposited  after  those  subsidences  had  taken  place,  has 
insinuated  itself  into  the  vacuities  which  they  occasioned. 
Such  a  position  must  be  familiar  to  those  who  have  attentively 
examined  the  analogotte  formations  in  the  south-west  of  Eng- 
land. 

The  north-west  horn  of  the  crescent  formed  by  the  great 
Manchester  coal-field  appears  to  be  about  Prescott,  not  far 
from  Liverpool. 

(g)    THE  NORTH  LANCASHIRE  COAL-FIELD. 

'  Towards  the  opposite,  or  northern  extremity  of  Lancashire, 
another  coal-field  occurs,  half  way  between  Lancaster  and 
Ingleton.  It  is  of  small  extent,  and  has  never  been  thoroughly 
examined.  It  probably  forms  a  small  insulated  basin,  surrounded 
by  millstone-grit :  but  its  northern  extremity  approaches  so 
nearly  to  the  transition  slate,  on  which  the  mountain  limestone 
of  Ingleborough  rests,  that  it  is  difficult  to  explain  its  position, 
without  having  recourse  to  the  theory  of  a  considerable  sub- 
sidence having  depressed  the  coal-measures,  and  thus  brought 
them  down  nearly  to  the  level  of  the  slate  in  that  quarter.  It 
is  believed  in  confirmation  of  this  idea,  that  a  second  ridge  of 
limestone  exists  on  the  south  of  Ingleton,  dipping  rapidly  in  a 
direction  contrary  to  that  which  forms  the  base  of  the  adjacent 
mountains,  namely  to  the  south-east,  and  so  sinking  beneath 
this  eoal-fi«ld.    But  the  observations  ar«  very  imperfect* 
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(k)    THE  WHITEHAVEN  COAL-FIELD. 

In  our  progress  round  the  Penine  Chain,  we  have  now 
arriTed  at  that  point  where  the  transition  group  of  the 
Cumbrian  Mountains  bursts  from  its  side  like  an  immense 
excrescence ;  around  which  we  may  still  trace  the  formations 
which  constitute  the  whole  mass  of  the  Penine  Chain,  ranging 
in  nearly  a  complete  circle  ;  being  forced,  as  it  were,  to  make 
a  long  detour,  as  the  layers  of  a  piece  of  wood  are  seen  to  do 
in  surrounding  a  knot.  Our  present  concern  is  only  with  the 
highest  of  these  formations,  the  coal-measures.  These  are 
indeed  not  to  be  met  with  on  the  south  of  the  circle  above 
described ;  for  the  sestuary  of  Morecajnbe  bay  cuts  off  the 
space  in  which  they  might  be  expected  to  exist.  But  on  V  e 
western  coast  we  find  them  near  Egremont,  south  of  White- 
haven,* whence  they  range  in  a  large  arc  of  a  circle  without 
interruption  to  beyond  Hesket,  a  distance  of  about  forty  miles; 
and  then  turning  towards  the  south,  continue,  though  with 
several  interruptions,  to  extend  towards  Orton,  thus  com- 
pleting the  whole  of  the  northern  semicircle  round  the  Cum- 
brian mountain  group,  and  returning  to  the  point  where  this 
inosculates  (if  the  expression  may  be  allowed)  with  the  Penine 
chain.  The  newer  red  sandstone  of  the  plain  of  Carlisle  covers 
it  on  the  north  throughout  the  whole  of  this  range.     A  good 

•  The  following  particulars  are  extracted  fromTownshend's  Viod.  Mot. 
Cumberland  abounds  with  coal  near  to  many  of  its  eastern  mountains, 
and  in  Tarious  districts  between  Seberg^am  ana  Whitehaven)  from  whence 
collieries  proceed  along  the  coast  by  Cockermouth  to  ^foryport,  forming 
a  district  of  about  one  hundred  square  miles,  in  which  three  coal-fields  are 
particularly  noticed. 

1.  Hownll,  west  of  Whitehaven,  two  miles  and  a  half  wide,  from  the 
rivulet  called  Poi]^,  on  the  eastern  side,  to  more  than  one  thousand  yards 
under  the  sea.     In  this  seven  beds  have  been  worked. 

2.  WhingilI,'north-east  of  Whitehaven,  extends  3000  yards  in  length,  by 
2800  in  width.  The  beds  are. from  four  to  ten  feet  in  thickness,  and  dip 
one  yard  in  ten.  In  the  depth  of  165  fathoms  they  work  seven  large  beds, 
and  have  noticed  eighteen  thin  ones.  The  faults  are  about  120  feet,  up  or. 
down,  and  run  from  east  to  west. 

.    &  Beside  these,  a  more  extensive  coal-field  has  been  discovered  to  the 
south  and  south-west  of  Whitehaven,  which  is  yet  unexplored.t 

At  Preston  How,  south-west  of  Whitehaven,  on  the  Croft  Pit,  they  cut^ 
fourteen  beds  of  coal  before  they  met  with  any  one  which  is  considerable.' 
But  to  reward  their  perseverance,  the  fifteenth  bed  proved  more  than  five 
feet  in  thickness;  and  the  seventeenth, separated  from  the  foi  mer  by  twentv-. 
four  beds  of  slate,  ironstone,  sandstone,  and  one  small  bed  uf  coaU  is  nearly 
eight  feet  in  thickness. 

+  Dixon's  life  of  Dr.  Brownrigg. 
3  C  2 
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section  is  exhibited  in  the  cliff  of  St.  Bees  near  Whitehaven, 
Inhere  the  strata  being  inclined  to  the  south,  the  coal  is  seen 
sinking  beneath  superstrata  of  magnesian  limestone,  and  these 
in  their  turn  beneath  beds  of  red  marie,  containing  gypsum. 

(0    INDICATIONS  OF  COAL  AT  FOOT  OF  THE 
WESTERN  ESCARPMENT  OF  CROSS  FELL. 

Returning  to  the  Penine  chain  at  the  great  escarpment  over 
which  Cross  Fell  dominates,  we  find  the  horizontal  strata  of 
the  newer  red  sandstone  extending  closely  in  many  points  to 
the  very  foot  of  that  escarpment,  and  thus  brought  into  contact 
with  the  older  sandstone  on  which  the  whole  escarpment  is 
based.  Between  Melmerby  and  Merton  Pike,  however,  a  long 
and  narrow  stripe  of  transition  rocks  (greenstone  and  slate)  in- 
tervenes, extending  almost  12  miles  :  and  on  the  north-west  of 
this  tract,  beds  of  carboniferous  limestone  and  coal  occur  in 
their  regular  order  of  succession,  dipping  west  beneath  the 
newer  sandstone  of  the  plain  under  an  angle  so  rapid  as  to  be 
nearly  vertical.  The  beds  are,  however,  thin,  and  greatly 
shattered  and  deranged.  There  are  pits  at  Melmerby  Lane 
Head,  Hay  Gate,  Gale  Hall,  and  Ourby  Town  Head. 

We  have  thus  brought  to  a  conclusion  our  survey  of  the  coal- 
districts  connected  with  the  Penine  chain.  Had  it  been  our 
object  to  extend  our  enquiries  into  the  adjacent  portion  of 
Scotland,  we  should  have  found  that  in  Dumfries  similar  rela- 
tions prevail.  The  coal-fields  of  that  county  occurring  in  small 
basins  surrounded  by  mountain  limestone,  which  finally  rest 
against  the  transition  rocks  of  the  Lead  Hill  mountains :  and 
the  whole  being  partially  covered  by  the  newer  red  sandstone 
containing  beds  of  a  calcareous  conglomerate,  probably  mag- 
nesian. 

Section  II. 

Formation  of  Millstone^Grit  and  Shale  throughout  the 
Penine  Chain. 

Having  thus  completed  our  survey  of  the  several  Coal-fieldsr 
connected  with  the  Penine  chain,  the  next  object  that  demands 
our  attention,  is  the  tracing  through  the  same  tract,  the  dis- 
position of  the  second  series  of  beds  into  which  we  have  divided 
the  rocks  associated  in  the  carboniferous  districts,  namely,  that 
in  which  the  millstone-grit  forms  the  prevailing  feature ;  and' 
this  will  be  found  to  constitute  the  most  elevated  and  extensive 
portion  of  the  district  under  consideration. 


Digitized  by 


Google 


Sect.  II.  MiUikme-Gfit  and  SJiaU  of  the  Penins  Chain,    nt 

We  begin  as  before  with  the  northern  extremity  of  the  chain. 

In  this  quarter  Mr.  Winch  has  classed  the  beds  of  which  we 
are  now  About  to  treat  together  with  the  subjacent  strata  of 
carboniferous  limestone,  under  one  order  of  rocks,  to  which  he 
bestows  the  common  name  of  Lead  measures.  But  the  dis- 
tinction  which  is  here  proposed,  is  imperatively  required  by 
the  structure  of  the  southern  parts  of  the  chain  in  Derbyshire  : 
and  even  in  the  northern,  the  following  considerations  will 
evince  its  propriety.  The  sections  of  the  workings  at  Hely, 
Aldstone  Moor,  and  Dufton,  as  given  by  that  gentleman  (which 
taken  in  succession  afford  nearly  a  complete  view  of  the  series 
of  beds  occuning  within  this  district,)^  exhibit  a  total  depth  of 
about  450  fathoms.  Of  these,  the  beds  constituting  the  upper 
portion  to  the  depth  of  150  fathoms  (in  which  the  millstone- 
grit  occurs)  contain  only  tzoo  thin  beds  of  limestone^  each  but 
one  fathom  in  thickness^  but  in  the  lower  portion  19  beds  of 
limestone  occur ^  many  of  very  considerable  thickness^  amounts 
ing  together  to  one^third  of  the  total  depth  of  this  portion.  So 
that  the  lower  pofUon  may  be  considered  as  distinctly  cha* 
racterised  by  the  abundance,  and  the  upper  bed  by  the  almost 
total  absence  of  limestone.  Workable  seams  of  coal  also 
occasionally  occur  in  the  upper  portion,  but  none  in  the  lower, 
although  some  faint  traces  of  the  same  mineral  may  even  there 
be  traced. 

Guided  by  these  principles,  we  select  for  our  present  obser- 
vation only  the  upper  portion  of  the  beds  comprised  in  the 
sections  published  by  Mr.  Winch ;  those  namely,  which  occur 
in  the  workings  at  Hely  field  on  the  Derwent,  and  Aldstone 
Moor,  above  the  thick  palcareous  bed  called  the  Tumblers,  and 
great  Limestone.* 

*  SectUm  ofth*  Lead-'mine  strata  at  Hely  Field  o»  ike  rimer  Derami, 

F8.Y.Ft.In. 

SlatesiU 8    1  _^ 

Plate SI 

DifFerent  Girdle  beds 8  —  —  — 

Plate... 2    1—--* 

Freestone  T fine-grained  sandstone)...    7  -^  —  — 

Coarse  hazle 1     1..—. 

Plate  and  Blue  whin 1  .«.  «.  -. 

Plate  and  Grey  beds .^    3  — ; 

Hard  stone  and  Whin • i  ..    2  «^ 

Plate  and  Whin.. 1     1    S  — » 

Plate 2    1 

Millstone  grit 5  «•  «• -. 

Plate 4    1 • 

Hardbazle 2    1—  — 

Grey  bkls.   (Thin  layers  of  slate-day 

and  saadstone  alternating)— ....    1  —  —  — 
TrMttoat  ...•. ••...•••.•••••••    7  —  —  — 
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As  has  been  already  stated,  these  sections  assign  a  thickness 
oC at  least  150  fathoms  to  the  formation  we  are  now  describing; 

Fsi  Y.  Ft.  In. 

Plate...., 1 

HazIeorSlate 2     1  — .— 

Plate  or  Famp 2 

Hazle  and  Plate 2     1—  — 

Plate 2 

HazIeorSlate I     1- 

Plate  and  Grey  beds 11 

Thin  stratum  of  Grey  beds 15  —  — -  — 

Fathoms    74 — . 

SertioH  efthi  Lead^mitu  Strata  on  Aldstone  Moor^  Cumberland* 

Fs.  Y.  Ft  In.  i 

Grindstone  sHl  ...........  ..•.«•...     4  —  ^ 

Plate 6 

Hazle  ...   1 

Plate  .\ 2 

LiMXSTONX ..       I.—  .-... 

Crow  Coal  occasionally. 

Hazle  or  Upper  Coal  sill ^  ••.•••  1—  —  — > 

Plate i 8 — 

Hazle I     1     1  — 

Plate ^ 2     1  —  — 

Hazle 2—2  — 

Plate ^..  1  —  -- 

Upper  Slate  sill 1 4  — >  — — 

Plate 11 _ 

Lower  Slate  sill • 4  —  ..»  — . 

Plate 5—2 

Whetstone  sill.    (Finegrained  Mica- 
ceous sandstone) .....••..  1     I 

Plate.     (Ferruginous  sandstone}  ...„.  2 

Iron-stone  with  Coal  1  —    |  — 

Freestone  with  Iron  p3rrites  .«« 5     I  -^  — 

Plate , 6—1  — 

Girdle  beds '. —     12—' 

Plate S     1 

Pattison's  sill  or  hazle.     (Very  hard 

grey  sandstone  with  specks  ot  mica)  1     1 

Plate ,> 3  ..  .— 

LlTTLS  LiMESTONX    11       1    -« 

Little  hazle  .#• i     2  — 

Plate „...  2 «« 

Coal  occasionally. 
High  Ceal  sill.  •  (Hard  grey  sandstone 

with  specks  of  mica)    ..» 1     1     1  — 

Plate 1  — 

Coal  occasionally.-  .     . 

Low-Coal  sill. 2  — 

Flat« 3 2  — 

Fathoms 77-    4 : 

Preceding  section  74  --  —  — - 
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afid  this  is  probably  short  of  the  truth ;  stnpe  we  hare  lio.  eTi- 
dence  that  the  highest  beds  at  Aldstone  immediately  succeed 
to  the  lowest  at  Helj.  But  the  interval  is  probably  not  con^* 
siderable,  so  that  the  above  estimate  may  be  admitted  as 
tolerably  correct.  The  prevailing  rock  of  this  series  is  shale^ 
(kaowB  by  the  provincial  name  of  Plate)^  with  which  various 
beds  of  sandstone,  differing  in  hardness  and  texture,  and  accord- 
ing* to  these  differences  distinguished,  as  freestones,  hazles, 
whetstones,  grindstone,  and  millstone,  occur :  of  the  latter  only 
one  bed  is  worked ;  the  thickness  of  which  is  about  30  feet.  This 
is  one  of  the  uppermost  strata  on  the  Derwent,  where  it  crops 
out,  and  does  not  occur  further  west.  A  similar  rock  is  found 
in  the  north-east  of  Northumberland  at  Scramerstone,  four  miles 
south  of  Berwick,  and  at  Craster  near  Howick :  it  entirely  agrees 
with  the  character  given  of  this  rock  in  the  general  account  of 
the  formations.  The  freestones  of  this  formation  frequently 
contain  vegetable  impressions. 

Towards  the  lower  part  of  this  formation,  two  thin  beds  of 
limestone,  each  about  one  fathom  in  thickness,  occur;  and 
alternating  with  them,  some  occasional  seams  of  coal.  In  the 
mountainous  tract  dependant  on  Cross  Fell,  these  seams  are  so 
thin  as  to  be  of  little  importance ;  but  in  the  flat  country  in  the 
north,  they  appear  to  dilate  considerably ;  for  several  valuable 
coal-pits  are  worked  on  the  north  of  the  Coquet,  in  beds  which 
must  be  referred  to  this  formation.  The  feature  which  dis- 
tinguishes these  coal-measures  from  those  of  the  principal  coal- 
formation  before  described,  is  their  alternating  with  strata  of 
limestone.  In  one  instance  this  limestone  is  said  to  contain 
bivalve  shells,  but  the  species  is  not  mentioned :  particular  at- 
tention should  be  given  to  this  portion  of  our  strata,  since, 
according  to  the  views  of  some,  they  might  be  expected  to  pre- 
sent similar  phoenomena  with  regard  to  the  alternation  of  beds 
containing  fluviatile  and  marine  reliquia  with  those  so  strikingly 
exhibited  by  the  most  recent  formations  in  the  Isle  of  Wight, — 
it  being  generally  asserted  that  the  shells  accompanying  the 
coal-strata  are  fluviatile,  while  the  limestone  beds,  which  in 
this  part  of  the  series  alternate  with  the  coal,  seem  closely  to 
agree  with  the  inferior  or  carboniferous  limestone,  which  is 
nndottbtedly  of  marine  formation.  We  have  however  already 
suggested  our  doubts  whether  the  shells  in  the  coal-measures 
are  really  fluviatile. 

The  collieries  to  which  these  remarks  apply,  extend  over  the 
whole  of  the  flat  country  between  the  mouths  of  the  Tweed 
and  Coquet.  Their  stratification  is  less  regular  than  that  of  the 
great  coal-field,  and  undulates  with  the  surface  of  the  country* 

To  return  to  the  rocks  of  this  formation  as  exhibited  in  the 
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mountainous  tract,  we  find  tlrat  they  constitute  the  superstaita 
throughout  it,  the  subjacent  beds  of  limestone  appearing  only 
where  exposed  towards  the  middle  or  lower  regions  of  the 
?alleys,  or  by  the  slope  of  the  great  western  escarpment ;  while 
the  lower  beds  of  this  series,  as  detailed  in  the  section  before 
giv^n,  form  the  summit  of  the  lofty  Cross  Fell  and  all  the  neigh^ 
bouring  eminences. 

Here  the  strata  appear  to  dip  2"  15'  to  the  north-east,  so  that, 
on  crossing  the  range  from  east  to  west,  they  will  be  seen  crop- 
ping out,  one  after  the  other,  and  forming  parallel  ridges  ex« 
tending  from  south-east  to  north-west**  The  principal  dis- 
turbance which  interferes  with  this  regularity  of  position,  is 
occasioned  by  a  thick  metalliferous  vein  called  Burtreeford 
Dyke,  which  crosses  the  strata  near  the  head  of  Weardale, 
elevating  them  in  some  places  to  above  80  fathoms  on  the 
eastern  side,  and  in  others  greatly  depressing  them.  Contigu- 
ous to  this  dyke  the  strata  rise  at  an  angle  of  45% 

The  same  constitution  continues  to  prevail  through  the  moun- 
tains of  the  north  of  Yorkshire.  The  beds  of  the  formation  at 
present  described,  composing  their  higher  regions,  and  the  sub- 
jacent limestones  appearing  in  their  vallies  and  towards  their 
base,  as  may  be  seen  to  the  greatest  advantage  in  the  neigh- 
bourhood of  Ingleborough,  and  as  far  south  as  Clitheroe ;  be- 
yond which,  the  shale  and  millstone-grit  constitute  the  entire 
mass  of  the  mountains,  (the  lower  formations  being  entirely 
concealed  through  an  interval  of  near  50  miles),  until  they  again 
emerge  in  Derbyshire.  Concerning  this  interval,  we  have  less 
precise  information  than  with  respect  to  any  other  part  of  the 
chain ;  but  it  is  also  from  its  uniformity,  far  less  interesting, 
presenting  the  rocks  of  this  single  formation  exclusively,  in 
strata  which  generally  appear  to  dip  from  the  central  ridge 
towards  the  east  on  the  one  side,  and  the  west  on  the  other. 
About  Pendle  hill,  however,  which  rests  upon  the  limestone  of 
Clitheroe,  it  is  said  that  the  stratification  is  more  disturbed, 
and  near  this  point  the  mountains  extend  more  to  the  westward 
than  usual,  forming  the  heights  of  Bolland  forest,  which  appear 
to  consist  entirely  of  the  beds  of  the  present  formation.  The 
copper  mine  of  Anglezark  near  Chorley,  long  but  falsely  cele- 
brated as  the  only  one  in  •  England  producing  clu'bonate  of 
barytes,  is  situated  in  this  district.  And  here  we  have  again 
to  lament  that  the  details  of  the  geology  of  Lancashire  are  less 

*  Mr.  Winch  sutes  the  dip  to  be  to  the  south-east  and  the  line  of  bearinig^ 
from  south-west  to  north-east.  But  as  such  a  direction  is  altogether  inton- 
sistent  with  the  ascertained  position  of  the  places  where  the  same  strata  are 
worked,  I  have  ventured  to  correct  it  at  above,  supposing  an  error  qi  the 
press. 
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'known  than  those  of  almost  any  other  count jr,  slnj  to  eiprelft 
'otir  hope  that  the  naturalists  of  I/iverpool  and  Manchester  will 
shortly  enable  us  to  speak  with  greater  precision  of  their  imine- 
diate  enrirons. 

Concerning  the  central  regions  of  this  chain,  Mr.  Bakewell 
presents  us  with  the  following  notices.  '^  Millstone-grit  forms 
the  summit  of  Blackstone  Edge,  Pule  Moss,*  East  and  We^ 
Nab,  and  all  the  higher  hills  in  that  part  of  Yorkshire.  A  peN 
foration  of  three  tniles  was  lately  made  through  Pule  Moss, 
750  feet  below  the  summit  6f  the  hill,  to  form  a  tunnel  for  a 
'canaf  from  Huddersfield  to  Manchester.  The  ^u^nel  appears 
to  have  been  principally  carried  through  the  shale  which  lies 
immediately  upon  the  liniestone ;  the  strata  are  elevated,  and 
inclined  in  an  opposite  direction,  and  are  intersected  by  a  large 
dyke,  containing  a  vein  described  by  Mr.  Outram,  the  engineer, 
to  be  limestone,  (Phil.  Trans,  for  1796).  At  a  considerable 
distance  from  the  entrance,  a  number  of  balls  were  found,  com- 
posed of  argillaceous  ironstone.*'  Mr,  Bakewell  aiso  states  that 
the  millstone-grit  extends  from  a  little  east  of  Halifax  to  Black- 
stone  Edge,  and  near  Todinorden,  where  its  beds  are  bent  in 
an  opposite  direction,  and  then  generally  follow  the  curvature 
of  the  hills. 

We  have  thus  traced  this  formatioa.  fWtta  Northumberland 
into  Derbyshire,  where  our  information  again  becomes  precise 
in  consequence  of  the  researches  of  Mr.  Whitehurst  and  Mr. 
Farey.  The  millstone-grit  and  shale  together  coostituie  in 
Derbyshire  a  series  of  strata  very  closely  agreeing  in  their 
aggregate  thickness,  with  that  presented  by  the  same  rocks  di 
Northumberland,  amounting  to  145  fathoms.  In  this  series, 
as  here  exhibited,  the  miUstone-grit  (exhibiting  the  same  cha- 
racters which  have  already  been  sufficiently  described)  consti- 
tutes the  upper  portion,  extending  to  the  depth  of  120  yards^ 
the  lower  170  yards  being  occupied  principally  by  the  shale, 
containing  however,  some  alternating  beds  of  fine-grained  sili« 
ceous  grit  beds,  and  nodules  of  ironstone,  and  some  subordinate, 
and  apparently  only  local  beds  of  limestone.  In  Derbyshire 
therefore,  it  appears  that  the  separation  between  that  part  of 
this  series  in  which  the  millstone-grit  prevails,  and  that  charac* 
terised  by  the  shale,  is  so  well  marked,  that  they  may  be  sub« 
divided,  as  they  have  been  by  Mr.  Farey,  into  distinct  forma- 
tions. This  distinction  does  not  appear  to  be  equally  appHc^* 
t)le  to  other  districts. 

The  millstone-grit  in  this  part  of  the  country,  ranges  at  some 

*  The  whole  of  Romalds  moor  also  consittft  of  minstone.grit,  wMch  toiAt 
of  our  topographical  writers  have  mistaken  for  granite. 
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distance  round,  three  sides  of  the  great  central  tract  of  car- 
boniferous or  mountain  limestone,  in  a  figure  resembling  an 
horse-shoe.  .  Tracing  it  from  south-east  to  north,  and  thence 
round  to  south-west,  it  may  be  said  to  begin  near  the  junction 
of  the  Derwent  and  £cclesbum,  about  four  miles  north  of 
Derby;  it  there  occupies  both  banks  of  the  Derwent;  then 
keeps  the  west  side  of  that  river  as  far  as  Cromford ;  where 
having  crossed,  it  ranges  along  the  eastern  bank  for  many 
miles,  as  far  as  its  source  in  the  high  peak;  all  the  way  occu- 
pying a  narrow  band  of  country,  Ijetween  the  superstrata  of 
the  coal-formation  of  Derbyshire  and  Yorkshire  and  the  sub- 
strata of  shale.  From  the  northern  angle  of  Derbyshire  it 
bends  again  to  the  south  by  west;  passes  near  Buxton,  and 
thence  pursues  its  course  through  Staffordshire  in  a  line  some- 
what broken  and  irregular,  which  may  be  most  clearly  des- 
cribed as  forming  a  narrow  band  round  the  several  coal-fields 
in  that  district  noticed  in  the  preceding  article.  The  hills 
formed  by  this  rock  usually  present  a  bold  escarpment,  and 
are  often  crowned  by  rude  piles  of  crags,  exhibiting  some  of  the 
wildest  rock  scenery  of  the  district.  The  interval  between  this 
circling  range  of  mountains  and  the  central  calcareous  group 
is  usually  a  lower  district  occupied  by  the  shale ;  in  which  how- 
ever, several  insulated  mountains  appear,  each  bearing  a  cap  of 
millstone-grit,  while  the  shale  may  be  traced  all  round  their 
base.  Mr.  Farey  has  given  a  list  of  20  instances  of  this  circum- 
stance, which,  as  he  strongly  observes,  proved  in  the  most  con- 
vincing manner,  that  the  surrounding  vallies  owe  their  origin  to 
denudation.  The  principal  of  these  insulated  mountains  is 
Kinder-Scout,  the  loftiest  eminence  in  Derbyshire. 

The  beds  of  limestone  subordinate  in  the  shale,  constitute 
the  feature  perhaps  most  worthy  of  attention  in  this  tract. 
Some  of  these  beds  afford  a  beautiful  black  marble.  The  most 
considerable  tracts  of  this  limestone  are  situated  near  the  ex- 
tremity of  the  carboniferous  limestone  tract,  on  the  south-west, 
where  the  shale  limestone  abuts  against  both  sides  of  a  vast 
■promontory  formed  by  the  hills  of  the  latter  variety,  extending 
on  one  side  to  Mixon-hay  in  Stafford,  and  including  the  copper 
mines  of  Ecton  hill,  and  on  the  other  side  to  Atlow  in  Derby. 
As  these  tracts  are  placed  over  the  same  line  of  bearing,  Mr. 
Farey  thinks  they  may  have  once  been  united,  the  strata  hav- 
ing been  continuous  over  the  intervening  limestone;  which 
may,  as  he  thinks,  have  been  elevated  into  its  present  position, 
and  been  subsequently  stripped  of  the  superstrata  in  question 
by  denudation.  There  is  another  considerable  tract  of  this 
limestone  near  Bakewell. 


Digitized  by 


Google 


Sect.  III.    Carboniferous  Limestone  ofihePenine  Chain.    39S 

The  strata  of  this  limestone  often  present  very  singular  con- 
tortions. The  most  remarkable  example  of  which  maj  be  seen 
two  miles  and  a  half  east'^north-east  of  Ashbourne. 


Section  IIL 
Carboniferous  Limestone  of  the  Penine  Chain. 

The  chain  we  have  been  so  long  considering  exhibits  the 
rocks  of  this  formation  wherever  its  lowest  beds  are  brought  to 
Tiew,  either  along  the  line  of  its  western  escarpment,  or  by 
the  deep  excaration  of  the  vallies  traversing  it,  for  nearly  100 
miles  from  its  northern  extremity  as  far  south  as  Clitheroe ; 
and  two  calcareous  branches  detached  from  this  part  of  its 
course  embrace  and  encircle  the  transition  mountains  of  the 
Cumbrian  group :  hence,  after  remaining  concealed  through  an 
interval  of  about  40  or  60  miles,  it  again  emerges  in  Derbyshire^ 
where  it  forms  a  mountain  pkun  about  ^  miles  in  length. 

The  section  published  by  Mr.  Forster,  and  those  inserted  in 
Mr.  Winch's  paper,  afford  the  best  materials  for  the  description 
of  this  formation,  in  the  most  northerly  part  of  its  course ;  as 
in  this  district  the  limestone  beds  repeatedly  alternate  with 
others  of  siliceous  grit  and-  slate-clay,  and  bear  to  these  the 
proportion  only  of  1  to  3^,  it  is  here  a  matter  of  much  greater 
difficulty  than  in  Derbyshire,  to  draw  an  exact  line  of  demarca- 
tion between  this  and  the  preceding  formation.  The  reasons 
which  have  induced  us,  however,  to  draw  such  a  line,  have 
been  sufficiently  expliuned  in  the  foregoing  article.  According 
to  this  division  the  strata  assigned  to  the  present  formation, 
beginning  with  the  first  important  bed  of  limestone  (that  dis« 
tinguisbed  locally  as  the  Tumblers  and  great  Limestone,  which 
exceed  10  fathom  in  thickness,)  and  extending  thence  to  the 
lowest  limestone  yet  discovered  in  the  chain,  will  constitute 
an  aggregate  of  about  254  fathoms  in  thickness ;  of  which  about 
93  fathoms  is  formed  by  19  beds  of  limestone,  the  remainder 
being  clay-slate  and  grit.  We  subjoin  an  abridgement  of  Mr. 
Winch's  section,  which  will  give  a  clear  and  precise  view  of 
the  internal  structure  of  this  portion  of  our  chain. 

Fs.  Y.  F.  In. 

1.  Tumblers  and  great  lime  ....   10     1 

Slate  slay  and  sandstone  ....   14     1 

2.  Limestone 4  — 

Slate-clay  and  sandstone  ....     9 — 

3.  Limestone 2  -.^  —  — 

Slatc-cla^  and  saiidstone  •  •  • .     6-^2  — 
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R.  Y.    F.  In, 

4.  Dni^stppe...... ..?••  —    12 —  » 

Slate-pl<iy  afid  sapdstqoe  ....  3    ^  —  -^r: 

5*  limcstoae  • 9  —  -- —  — 

Slate-clay,  &c.  with  thin  coal 

occasionally « •••••• 4  —  — .  — * 

6.   CocklesheU  limestone  ..•,»• 1     6 

Slate-clay,  &c... 3—    1  — 

7»  Limestone  •••••••••.••••••  — —    1    I    6 

•    }  Slate-clay,  &e.  .  •  • » • .  •••«••  41-^-^' 

8.  Tvne  Bo^m  limestone  ;»,• .  •  3    1     I  —  . 

Whin  sill  basalt ♦ ,..^  10  —  —  ~ 

Slate-clay,  &c li     1  —  ^ 

9.  Jew  limestone.  ••••••••••• .  3 -— r— «r^ 

Slate-clay,  &c 7    Ir-r*-* 

!()•   Little  limestone  •••• ^     i^-..-^^^ 

Slate-clay^  &c 1^    I 

11.  Smithy  lime • ^.m    4    1 

Sandstone  ....••••.•.  «...• .  •     1  ^^ — . 

13.   Limestone  .••• 4    1  ^-^  — 

Sandstone... i^  .^-.  .^  — 

13.  Limestone... 3-; •— 

Slate«clay  • .  • .  • •.     1     1  — .^ 

14*  Limestone  .••......••..•••     1     1 ^ 

Slate-clay..... 1     1 

15«   Robiosicms's  great  lime 14  —  «*—  — 

Slate-clay  and  sjandstone  ....     3 ^  — . 

16#   Great  Randal  or  ^mestone  . .  31  -r-. 

Slate-clay,  &c. 4  ^-r  —  — . 

17.   limestone 4  —  •'— 

Slate-day,  &c. 2» 

1&   limestone 3 

Slate-clay,   &c.  containing:  a 
7-inch  seam  of  coal  ......  10  -< -^ 

Sandstone , as    l~ 

IP#   limestcme 3    1, -^ 

Total .  254  -T _ 

B^nenth  this  are  40  fathoms  of  sandstone  and 
slate-clay,  and  then  the.  old  red  sandstone. 
•  This  -basaltic  stratum  oflfers  one  <^f-the  most  interesting  phoenomena  of 
this  district.  But  in  order  tg  coHept  together  under  one  pomt  ot  view  all 
the  circumstances  which  bear  on  the  occurrenpe  of  rocl^  of  the  trap  for- 
mation among  those  associated  with  the  coal  districts,  the  particular 
description  of  this  and  all  similar  fiiets  will  be  postponed  to  an  appendix 
on  this  subject,  with  which  the  account  of  the  coaK&tricts  will  conclude. 
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AU  these  tioMftoa^  ^ppeiit  to  coBtatft  the  Ebcrmus.  Moftt 
of  ttiem  also  bivalve  sbeiU ;  and  that  called  the  Cockleshell 
timestone,  oysters  ?  of  the  diameter  of  four  or  j&ve  iBChes.  Thej 
seem  to  agree  together  Id  every  essential  character,  as  well  ai 
in  their  e^tranepus  and  native  fossils. 

This  formation  is  >tbe  great  repository  of  the  metallic  veini 
of  this  di^trlc^t. 

The  fissureawhiefa  peptain  lead  e^  in  the  mining  district,  are 
exactly  similai^  to  thos^  described  by  WiUiams  io  his  minend 
kingdom*  Sttch  as^range  .from  north  to  south  are  called  cro§9 
vmtUf  w  (oo<^onally)  di^kes;  they  axe  generally  of  great 
^migoitnde,  and  seldom  carry  ore ;  Uie  most  valuable  mineral 
depositwea  are  fissaret  from  three  to  six  feet  wide,  running 
for  the  most  part  from  north-east  to  soath-«west,  and  cutting 
the  cross  veins  i  the  cross  veins  being  frequently  rendeved  pro« 
duetive  to.aome  distance  from  the  points  of  intersection. 

The  same  vein  is  productive  in  different  degrees  at  different 
depths,  accoi^ng  to  the  bed  which  it  traverses.  Generally 
^eakingy  veins  ^e  most  pRoduotive  between  the  grindstone  sill 
^Mid  the , four rfathom  limestone;  none  have  been  worked  in 
Aldstone  moor  below  the  level  <^f  the  Tyne  bottmn  limestcme  } 
1^  the  Dufton  mines  wt  situated  in  the  lower  beds,  though 
none  are  worked  in  the  Melmerby  scar  limestone. 

The  limestones  are  the  chief  depositories  of  ore,  particularly 
that  called  the:  great  limestone,  which  is  cmisidered  to  hav^ 
produced  as  much  lead  as  all  the  other  sills  togeth^.  Next  to 
^he  limestones,  the  stcata  of  sandstone  called  hazles  are  the 
most  productive  of  ore ;  but  the  lead-bearing  veins  appear 
compressed  bietween  these  ha,rd  sills.  In  Arkendale  the  silhi 
of  chert  yield  considerable  quantities  of  galena,  but  this  rock 
does  not  occur  in  the  mining  field  further  north.  In  shale  the 
veins  are  con»paratiyely  barren,  and  in  traversing  these  soft 
Strata  weak  veins  '  had!e'  cmusiderabJy. 

The  hade  of  the  veins  is  variable  in  degree,  and  in  direction^ 
When  the  veins  in  Weardale  point  east  and  west,  they  hado 
towards  the  south ;  but  in  Allendale  and  in  the  AkUtone  mow 
country  they  generally  hade  towards  the  north :  the  strata  are 
Untvefsally  elevated  on  the  side  towards  which  the  veins  dip. 

Veins,  that  are  otherwise  favourably  circumstanced  for  pro^ 
4.u,cing  ore,  are  moxe  poxticularly  so  if  the  throw  or  alteration 
Uk  the  level  of  the  beds  of  limestone,  occasioned  by  the  vein^ 
does  not  exceed  one  or  two  fathoms :  for  then  both  cheeks  of 
the  veins  correspond  in  their  nature,  and  limestone  does  not 
ll^come  opposed  to  shale  or  any  other  barren  stratum. 

The  bi^s. ;^bave  desc^ed  &»rm3.the  whole  of  the  middl# 
and  lower  regions  of  the  escarpment  of  Cres9  Fell^  extending 
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about  two-thirds  up  that  mountain.  They  are  seen  near  this 
point  to  rest  on  the  old  red  sandstone  and  grey  wacke  slatei^  as 
described  in  Mr.  Buckland's  paper.  Greywack^-slate  also 
occurs  near  the  head  of  Swale-dale,  perhaps  connected  with  this 
tract.  The  limestone  beds,  having  continued  to  Kirby  Stepher^,* 
a  branch  of  mountain  limestone  is  thrown  off  from  them  to  the 
north-west ;  which,  ranging  by  Orton,  Hesket,  Ireby,  Cocker- 
mouth,  Egremont,  and  Ravenglass,  skirts  the  slate  mountains  of 
Cumberland  on  the  north-east,  north,  and  north-west.  Farther 
to  the  south  near  Ingleborough,  another  similar  branch  is 
detached,  which  skirts  the  southern  portion  of  the  same  moun- 
tain, occupying  all  the  lower  portion  of  the  valley  of  the  Kent, 
as  far  as  Kendall;  thence  crossing  the  aessuary  south  of  UlTer- 
ttone,  near  which  place  the  haematitic  iron  ore  is  procured 
abundantly  from  this  rock  ;f  and  proceeding  over  the  mouth 
of  the  Daddon,  till  it  almost  joins  the  former  branch,  and  thus 
completes  a  calcareous  ring  encircling  the  transition  district  of 
the  lakes.  This  calcareous  ring  is  attended,  as  has  been  before 
stated,  by  an  exterior  zone  of  the  coal-formation.  These 
branches  have  never  been  accurately  described  or  minutely 
examined.  It  should  seem,  however,  that  the  beds  of  lime« 
stone  are  in  them  less  interrupted  by  heterogeneous  strata,  and 
of  greater  thickness  than  farther  north,  composing  almost  ex- 
clusively the  substance  of  entire  mountains.  This  description 
particularly  applies  to  the  southern  branch ;  and  may  be 
extended  to  the  base  of  Ingleborough.  The  vast  base  of 
Ingleborough,  near  30  miles  in  circuit,  consists  of  limestone  ; 
which  extends  in  a  similar  manner  beneath  the  neighbouring 
mountains  of  Whernside,  Pennegent,  Greg  roof,  Colm  hill,  &c. 
The  summits  of  these  mountains  consist  of  the  millstone-grit 
formation.  A  thin  seam  of  coal  also  occurs  near  the  top  of 
Whernside  and  Colm  hill.  At  the  foot  of  Ingleborough,  a 
contact  of  the  mountain  limestone  and  transition  slate,  was 
observed  by  Lord  Webb  Seymour  and  Mr.  Playfair,  going  the 
Askrigg  road  from  Ingleton.  About  a  mile  and  a  half  from 
the  latter,  an  opening  appeared  in  the  side  of  the  hill,  on  the 

♦  Mr.  Greenough's  Map  represents  the  junction  of  the  limestone  and 
slate  incorrectly  in  the  neighbourhood  of  Dent  dale  and  Hougbill  fells. 
The  hills  marked  m.  n,  o.  fi,  ought  to  be  have  been  coloured  slate,  not 
limestone,  as  also  the  Riggs,  and  the  southern  point  of  Hougbill  fells;  the 
southern  branch  of  limestone  is  also  incorrectly  given.  Whin  fell  is  not 
limestone,  and,  e  contra,  the  hills  south  of  the  road  from  Kendal  to 
Kewby  bridge,  as  far  as  the  sands  of  Morecombe  bay,  are  limestone, 
though  in  many  cases  coloured  in  the  map  as  slate. 

i  One  perpendicular  vein  of  iron  ore  traversing  the  limestone  is  SO  yaids 
wider  Large  reniform  nodules  of  hsmatitcS|  some  even  weighing  4  cwt« 
«rc  found  in  the  loose  ore. 
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right  hand,  about  100  yards  from  the  road,  formed  by  a  large 
stoDe  which  lay  horizontally,  and  supported  by  two  others 
standmg  upright.  On  going  up  to  the  spot,  they  found  it  to 
be  the  mouth  of  a  small  cave ;  the  stone  lying  horizontally 
being  part  of  a  limestone  bed,  and  the  two  upright  stones  ver- 
tical plates  of  argillaceous  schist.  The  limestone  bed  which 
foraged  the  roof  of  the  cave,  was  nearly  horizontal,  declining 
south-east;  the  slate  nearly  vertical,  stretching  from  west* 
north-west  to  east-south-east.  The  higher  regions  of  the 
mountain  are  described  by  these  observers  as  consisting  of 
strata  of  limestone  and  grit,  nearly  horizontal  and  alternating* 
A  junction  almost  similar  may  be  seen  at  a  cascade  on  the  river 
Greata,  called  Thornton  Ford  :  but  here,  on  the  south  side  of 
the  river,  a  breccia,  containing  fragments  of  the  slate  imbedded 
in  a  calcareous  cement,  is  seen  interposed  between  the  lime* 
stone  and  slate.  The  latter  rock  here  occurs  at  the  height  of 
7  or  800  feet  above  the  level  of  the  sea.  The  same  slate 
extends  lower  down  the  valley,  and  is  quarried  nearer  Ingleton* 

The  numerous  caverns  in  the  district  surrounding  Ingle* 
borough  are  well  known ;  and  there  is  not  one  of  the  many 
rivulets  which  run  from  the  base  of  the  mountain,  that  has  not 
a  subterraneous  passage  of  some  extent :  all  the  springs  rise  about 
the  summit,  among  the  strata  of  grit,  and  sink  or  fall  into  some 
hole  as  soon  as  they  descend  to  the  limestone  rocks ;  *  where, 
passing  under  ground  for  some  way,  they  burst  out  again  toward 
the  base.  Similar  caverns  occur  in  all  the  adjacent  hills.  Of 
these  the  Yordas  Cave  on  the  side  oi  the  mountain  of  Greg 
roof  is  the  principal. 

Perpendicular  precipices  of  limestone,  provincially  termed 
scars,  exceeding  300  feet  in  height,  are  common.  The  roman- 
tic and  bold  scenery  presented  by  the  calcareous  mountains  of 
Yorkshire  has  before  been  noticed. 

Calcareous  rocks  continue  to  prevail  down  the  course  of  the 
Kibble  as  far  as  Clitheroe,  and  that  of  the  Air  as  far  as  Skipton. 

These  notices  have  been  confined  to  the  formation  we  have 
been  describing  as  exhibited  by  the  out-crop  of  its  strata  on 
the  western  side  of  this  grand  mountain  chain.  The  same  beds 
are  also  laid  open  by  the  deep  excavation  of  most,  if  not  of  all 

♦  The  source  of  the  river  Air  affords  a  good  example  of.  this.  It  issues 
from  MalhamTarn,  a  circular  lake  about  a  mile  in  diameter,  on  the  sum- 
mit of  a  lofty  moor.  Proceeding  hence,  it  soon  loses  itself,  and  descends 
through  a  subterraneous  passage;  whence  it  ag^in  issues  at  the  foot  of 
Malham  Cove,  a  perpend' cular  limestone  rock  288  feet  high.  During 
heavy  rains  the  subterraneous  passage  is  not  sufficient  to  carry  off*  all  the 
water;  the  remainder  of  which  makes  its  way  over  the  surface,  till  it 
reaches  the  top  of  the  rock,  and  precipitates  itself  thence,  in  a  magnificent 
cMcade. 
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the  tallies  trarersing  the  east^rtt  slope  df  the  s^me  chain.  Thejr 
arc  thu8  seefl  in  the  Tallies  of  the  North  and  South  Tyrie  for 
sonde  miles  above  their  conflnence;  in  Weardale,  Tefsdale, 
Gretadale,  Swaledale  as  low  down  as  Richmond,  Yoredafe'as 
far  as  Middleham,  Coverdale,  Netherdale  aiid  Whkrfedale. 

Between  Clitheroe  and  the  north  of  Derbyshire,  the  rocks 
of  this  formation  are  every  where  concealed  by  the  forihations 
of  millstone-grit  and  shale. 

The  mountain  limestone  tract  of  Derbtfshrte  Extends  fvoiA 
Castleton,  which  is  its  northernmost  point,  abocTt  25  ihiles 
8outh  of  that  place;  its  breadth  does  not  appear  any  where  td 
exceed  about  fifteen  miles.  Its  form  on  the  snrface  is  ver^ 
Irregular.  Buxton  is  situated  on  the  north-western  edge  of 
this  tract,  Castleton  on  its  north-eastern,  and  Matlock  is'oU 
its  south-eastern  extremity.  The  surface  of  this  district  is 
occupied  by  the  out^crop  of  four  strata  of  limestone  ^  and  of 
three  beds  of  toadstone  which  lie  between  the  strata  of  Ume^ 
sione. 

'  This  tract  is  encircled  (as  has  been  already  irtat^d  in  treating 
of  these  formations)  by  superstratlsi  of  shale  and  tnrllstdne-grit : 
from  beneath  these,  it  rises  bn  the  eastern  ^de,  th^  strata 
ascending,  though  under  a  small  angle,  towards  the  west  i  but 
ftlong  its  northern,  western,  and  south-western  edge,  there 
ranges  (a^  we  are  informed  by  Mr.  Farey)  a  great  fault, 
which  by  elevating  the  limestone  tract,  or  depressing  the  dis- 
trict beyond  it,  has  produced  the  effect  of  bringing  the  lowest 
bed  of  the  limestoncf  into  immediate  Contact  at  the  sarne  level, 
with  the  strata  of  the  shale  formation  ;  from  which,  were  ther^ 
no  such  disturbance,  it  would  be  separated  by  the  intervention 
of  the  three  upper  beds  of  limestone  and  all  those  of  toadstone. 
This  is  described  by  Mr.  Farey  as  the  great  limestone  fault. 
It  is  observable,  that  from -the  line  joining  the  two  eastern 
extremities  of  this  fault,  as  from  a  hinge,  all  the^  strata  rise 
more  rapidly  to  the  west. 

The  lowest  stratum  of  limestone^  being  that,  on  the  outgoing 
or  outcrop  of  which  are  situated  the  Peak  forest,  Buxton  an^ 
many  towns  oil  the  south  of  it,  passes  across  Dove  dale  and 
Wetton  dale :  the  Weaver  hills  consist  of  St.  In  it  are  many 
caverns,  as  the  immense  one  called  Elden.hole,  north  of  Peak 
Forest  town  ;  the  DeviFs  hall,  connected  by  a  tunnel  with  the 
Speedwell  mine ;  Pool's  hole  near  Buxton,  and  several  of  less 
note,. 

The  thickness  of  the  lower  limestone  is  not  known  ;  it  cer- 
tainly exceeds^50  feet.  We  are  consequently  ignorant  of  the 
rock  on  which  it  rests.  It  is  regularly  stratified,  consisting  of 
very  many  beds,  several  of  which  are  of  considerable  thkleA 
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ness  ;  some  thin  ones  are  described  as  being  a  freestone  (beiog 
of  a  more  compact  grain  than  usual) :  its  colour  varies  from 
white  to  a  yellowish  stone  colour :  it  rarely  includes  dark 
coloured  beds.  Small  entrochi,  numerous  anomia  and  other 
shells  and  organic  remains,  occur  throughout  the  whole  of  this 
stratum :  in  some  mines,  a  thin  bed  of  clay  had  been  found  in 
it.  The  lime  yielded  by  this  stratum  is  preferred  to  that  of 
the  strata  above  it.  A  bed  of  toadstone  lies  on  it,  but  we 
propose  to  notice  together  the  three  beds  of  this  substance,  and 
therefore  proceed  to  the 

Second  stratum  of  limestone.  This  is  about  210  feet  in 
thickness,  and  consists  also  of  many  beds;  the  superior  ones 
are  often  of  a  dark  colour,  and  contain  nodules  of  black  chert, 
shells  of  the  genus  anomia,  madrepores,  &c. ;  some  of  the  beds 
are  quite  black.  It  contains  layers  of  clay,  and  towards  the 
lower  part  of  it,  some  dark  beds  of  limestone  contain  white 
madrepores.  Imbedded  masses  of  toadstone  occur  in  it.  On 
this  lies  another  bed  of  toadstone,  to  which  succeeds  a 

Third  stratum  of  limestone.  This,  like  the  two  preceding 
strata,  consists  of  many  beds  whose  average  thickness  is  about 
150  feet :  and  it  is  worthy  of  note  that  several  of  them  are  of 
magnesian  limestone.  In  some  places  the  upper  beds  partake 
80  greatly  of  the  nature  of  chert,  as  to  be  unfit  for  the  purposes 
of  the  lime-burner ;  these  cherty  masses  are  usually  called  in 
Derbyshire,  dunstone^  or  bastard  limestone.  Here  and  there 
are  masses  of  white  chert  or  china-stone.  Some  few  beds  con- 
tain entrochi ;  and  towards  the  lower  part  are  beds  of  a  very 
black  limestone,  which,  as  it  takes  a  very  brilliant  polish,  is 
termed  black  marble.  It  contains  thin  beds  of  clay.  On  this 
stratum  lies  the  third  bed  of  toadstone,  on  which  reposes  the 

Upper  limestone.  This,  like  the  preceding,  is  about  150 
feet  in  thickness.  In  it,  as  in  the  three  lower  strata,  some  thin 
beds  of  clay  are  found,  and  it  contains  imbedded  masses  of 
toadstone,  though  rarely.  The  upper  beds  are  of  that  variety 
of  limestone  called  swine-stone,  and  are  often  dark-coloured 
or  black :  near  the  top  are  found  layers  of  nodules  of  black 
chert,  similar  in  their  arrangement  to  the  flint  nodules  in  chalk; 
in  the  upper  beds  also  the  shells  called  anomia,  and  others, 
are  common.  The  middle  beds  contain  vast  assemblages  of 
entrochi,  and  are  occasionally  quarried  as  marbles ;  and  it  is 
remarkable  that  in  some  places,  where  these  middle  beds 
basset  out  on  the  surface,  masses  are  ploughed  up  from  beneath 
the  alluvial  soil,  exhibiting  the  casts  of  the  inside  of  entrochi 
in  chert ;  these  are  commonly  called  screw^stones.  Blocks  of 
these  were  heretofore  used  In  the  forming  of  mill-stones,  which 
were  employed  instead  of  the  French  buhr-stone.  This  stratum 
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•ontains  beds  of  what  is  termed  white  chert  or  china-stone^  of 
which  considerable  quantities  are  used  in  the  Staffordshire 
potteries.*     (F.  271  &  seq.) 

The  impression  of  a  crocodile  was  said  to  have  been  fonnd 
Jn  this  stratnm  by  Mr.  H.Watson  at  Ashford  (see Whitehnrst) ; 
but  we  have  been  informed  on  enquiry,  that  an  orthoceratito 
was  mistaken  for  some  part  of  this  animal. 

The  description  of  the  intervening  strata  of  toadstone  might 
here  with  propriety  be  introduced ;  but  for  the  reasons  before 
assigned,  when  mentioning  the  whin  sill  of  Northumberland^ 
it  appears  more  convenient  to  refer  them  to  the  appendix 
on  the  occurrence  of  rocks  of  the  trap  formation  among  those 
associated  in  the  coal  districts :  we  shall  here  only  remark, 
therefore,  that  the  lowest  is  Q6  feet  in  thickness ;  the  middle 
138  feet ;  and  the  upper  48.  We  have  thus  a  total  ascertained 
thickness  of  1010  feet  for  the  rocks  constituting  the  cal* 
careous  tract  of  Derbyshire,  of  which  760  feet  is  limestone; 
and  252  feet,  toadstone.  This  will  serve  as  a  point  of  com- 
parison with  the  account  already  inserted  of  the  beds  of  this 
formation  in  Northumberland.  The  thicknesses,  however,  of 
these  beds,  and  especially  of  the  toadstone,  are  very  variable. 
We  now  pass  to  the  consideration  of  the  mines  of  Derbyshire, 
which  are  entirely  situated  in  this  tract. 

The  out-going  of  the  strata  just  described,  forms  the  great 
Lead  district  of  Derbyshire ;  very  numerous  veins  have  been 
worked  in  it  principally  for  lead,  but  the  ores  of  zinc,  manga- 
nese, copper,  and  iron,  also  occur  in  them ;  but  they  are  more 
plentiful  and  productive  when  in  the  limestone,  than  when  in 
the  other  strata.  It  has  been  supposed  that  lead  ore  has  not 
been  found  in  the  toadstone,  but  nineteen  instances  of  its  dis- 
covery in  that  situation,  in  strings  and  short  branches^  are  men- 
tioned. A  vein,  somewhat  approaching  the  perpendicular ^  is 
in  Derbyshire  termed  a  rake  vein.  Rake  veins  are  from  two  or 
three,  to  thirty  or  forty  feet  wide.  A  large  cavity,  often  nearly 
horizontal^  between  beds  of  limestone,  and  containing  spars  and 
ore,  is  termed  a/>^e  vein.  Veins  (or  rather  beds)  of  this  des- 
cription are  sometimes  of  considerable  height^  and  from  two  to 
600  feet  wide,  and  are  commonly  connected  with  the  surface 

♦  It  is  in  a  mountain  composed  of  limestone,  that  the  beautiful  masses 
of  viarioiis  coloured  fluor  spar,  tenned  Blue  John,  are  found.  The  moun- 
tain has  no  appearance  of  regular  stratification,  and  is  full  of  Assures  and 
caverns  of  immense  diepth:  the  fluor  occurs  in  those  nearly  horizontal 
beds,  or  rather  openings,  which  are  termed  fii/te  veins^  and  is  found  of  a 
roundish  form,  in  which  it  seems  to  have  crystallized ;  but  the  centre  is 
frequently  hollow.  It  is  from  these  masses  that  elegant  vases,  &c.  are 
-pianufactured  by  Ma  we  &  Co.    (N^  69.) 
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bj  means  of  a  rake  vein ;  when  without  this  kind  o£  connexion^ 
the  nearly  horizontal  deposite  is  termed  a  Jlat^work^  which  is 
rare.  The  direction  of  the  veins  containing  ore,  appears  to  be 
nearly  east  and  wQSt,  and  their  hade  or  underlie  beneath  the 
surface,  towards  the  north  or  south ;  but  in  this  respect,  it  is 
said  that  a  vein  will  change  two  or  three  times  from  north  to 
south :  these  veins  are  crossed  by  others  whose  direction  on  the 
surface  is  nearly  north  and  south.  The  east  and  west  veins  in 
descending,  are  always  cut  off  by  the  strata  of  toadstonCj*  which 
therefore  pass  through  and  divide  them ;  and  it  is  worthy  of 
jnote,  that  when  the  vein  is  again  found  in  the  stratum  of  lime- 
stone beneath  the  toadstone,  it  is  not  immediately  on  a  line 
with  the  upper  part,  nor  exactly  of  the  same  nature ;  in  this 
case  a  vein  is  said  to  have  squinted.  The  toadstone  is  said 
sometimes  to  assume  the  consistence  of  clay.  It  has  been  before 
noticed  that  the  limestone  strata  contain  thin  beds  of  clay, 
termed  by  the  miner  way-boards ;  these  sometimes  pass  through 
and  divide  the  veins  of  ore  in  the  same  manner  as  the  toadstone 
does :  and  so  complete  is  the  separation  of  the  veins  of  ore  by 
the  clay  and  the  toadstone,  that  not  even  the  water  in  the  upper 
part  of  the  vein  penetrates  through  them  into  the  part  beneath. 
The  sides  or  walls  of  a  rake  vein  are  commonly  lined  by  fluor, 
or  cawk,  or  calcareous  spar,  termed  by  the  miner  vein^stuffi 
between,  or  against  these,  lies  the  ore,  which  sometimes  fills 
up  the  space  between  them,  and  is  then  termed  a  rib  of  ore* 
But  it  sometimes  happens  that  the  vein-stufif  of  each  wall  of  the 
vein  is  nearly  coitipact,  both  so  completely  occupying  the  vein, 
that  they  meet  together  in  close  contact  in  the  middle  ;  form- 
ing what  might  be  termed  from  its  appearance,  a  vertical  crack 
down  the  vein.  The  two  faces  in  contact,  appear  as  though 
they  had  been  poli.^hed,  and  are  ribbed  or  somewhat  fluted 
horizontally ;  and  the  face  of  each  is  sometimes  covered  by  a 
Vemarkably  thin  coating  of  lead  ore  ;  these  planes,  when  sepa- 
rated, are  the  slickensides  of  the  mineralogist.  This  circum- 
stance is  altogether  remarkable  in  itself,  but  an  extraordinary 
effect  ensues  when  one  side  of  the  vein-stuff  is  removed.  The 
other  side  then  cracks,  especially  if  small  holes  be  made  in  it, 
and  fragments  fly  off  with  loud  explosions,  and  continue  so  to 
do  for  some  days ;  as  is  the  case  in  the  Gang  mine  in  Cromford^ 

*  We  must,  however,  exercise  some  caution  in  adopting  this  opinion  t 
for  since  the  publication  of  the  works  whence  the  above  information  was 
extracted,  indications  have  in  some  instances  been  found  of  the  passage  of 
the  lead  veins,  into  the  toadstone.  The  subject  is  yet  veiled  in  some 
obscurity,  but  it  is  certain  that  the  ore  genetally  stops  where  the  vein 
descends  into  the  toadstone,  in  which  the  lead  hat  hitherto  been  found 
only  in  very  small  qnantitics,  chiefly  in  strings. 
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irhere  the  miner,  ayailing  himself  of  this  circumstance,  makes 
with  his  pick  small  holes  about  six  inches  apart  and  four  inches 
deep,  in  one  surface,  after  the  other  is  removed ;  and  the  con- 
sequence is,  that  on  his  return  in  a  few  hours,  he  finds  every 
part  so  treated,  ready  broken  to  his  hand.  (M.  passim.  F.  243, 
and  seq.) 

Of  those  remarkable  derangements  in  the  strata  of  Derby- 
shire, termed  faults  by  the  miner,  we  have  no  very  clear  geo- 
logical account.  The  direction  of  some  of  them  on  the  surface 
is  detailed  in  the  1st  volume  of  Farey's  General  View  of  Derby- 
shire, &c.  to  which  we  refer  the  reader :  occasionally  they  appear 
to  be  very  extensive,  and  their  consequences  very  extraordinary; 
but  a  knowledge  of  their  width,  dip,  and  contents  is  yet  a 
geological  desideratum.  Some  of  them  have  intersected  the 
veins  of  lead  ore,  and  are  said  to  have  introduced  rounded 
quartz  pebbles  or  gravel,  alluvial  clay,  and  other  extraneous 
mineral  matters,  into  them. 

This  limestone  tract  is,  as  usual  in  this  formation,  distin- 
guished by  the  abrupt  and  wild  features  of  its  narrow  rocky 
dales,  by  numerous  caverns ;  and  by  the  frequent  engulphment 
of  its  streams  in  subterraneous  courses,  called  swallow-holes. 
Mr.  Farey's  report  contains  a  very  copious  list  of  these  objects, 


Section  IV. 

OLD  RED  SANDSTONE. 

On  the  North 'West  of  the  Penine  Chain. 

To  complete  our  description  of  the  rocjc  formations  entering 
into  the  composition  of  the  Penine  chain,  it  now  only  remains 
.  to  mention  the  old  red  sandstone.  This  rock,  so  extensive  in 
the  coal  districts  of  the  south-west  of  England ,  has  yet  been 
observed  only  in  one  limited  portion  of  this  chain ;  namely, 
under  the  escarpment  of  Cross  Fell ;  where  it  may  be  traced 
for  15  miles  from  near  Melmerby  to  near  Murton;  occupying 
an  intermediate  position  between  the  mountain  limestone  and 
the  adjacent  tract  of  grey  wacke  slate,  described  by  Mr.  Buck- 
land  in  the  4th  volume  of  the  Geological  Transactions.  It  ap- 
pears here  in  its  comraou  form  of  a  coarse  puddingstone. 
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CHAPTER  III. 

Central  Coal  District. 

Under  this  division  we  shall  include  I.  The  coal-field  sar- 
rounding  Ashby-de-la-Zouch,  on  the  borders  of  Leicestershire 
and  StaflFordshire.  II.  That  of  Warwickshire.  III.  That  of 
south  StaflFordshire  or  Dudley.  IV.  Indications  of  coal  near 
the  Lickey  Hill.  As  these  do  not  appear  to  form  constituent 
parts  of  one  whole,  in  the  same  manner  with  those  connected 
with  the  Penine  chain,  we  shall  here  so  far  depart  from  our 
former  method,  as  to  treat  of  the  Tarious  formations  accom- 
panying each  of  these  three  coal-fields^  in  describing  that 
indi?idual  field. 

Section  I. 

THE  ASHBY  COAL-FIELD. 

This  district  occupies  an  area  of  irregular  figure,  nearly  in 
the  centre  of  which,  the  town  of  Ashby-de-la-Zouch  is  situated. 
The  longer  diameter  of  this  area,  from  north-west  to  south-east 
is  about  10  miles ;  the  shorter,  from  south-west  to  north-east, 
about  eight  miles. 

The  eastern  extremity  of  this  area  approaches  almost  closely 
to  the  transition  district  of  Chamwood  forest.  The  coal-for- 
mations occupying  it  are  much  broken,  and  may  perhaps  when 
fully  examined  be  found  to  constitute  two  small  detached  basins, 
rather  than  to  belong  to  one  continuous  field.  Of  these  por- 
tions, one  ranges  by  Ashby  Wold,  about  three  miles  on  the 
west  of  Ashby ;  the  other  by  Cole  Orton,  about  the  same  dis- 
tance on  the  east. 

The  former,  or  Ashby  Wold  portion,  ranges  from  Swepston 
four  miles  south  of  Ashby,  to  Bretby  in  Derbyshire,  about  the 
same  distance  on  the  north-west;  the  outcrop  of  the  beds  sweeps 
in  a  curved  line  between  these  two  places,  the  inclination  of 
the  strata  being  inwards,  that  is,  towards  Ashby.:  but  between 
this  outcrop  and  that  town,  another  crop  has  been  traced  near 
Brothorpe,  dipping  in  a  contrary  direction ;  a  circumstance 
which  has  induced  some  of  those  practically  acquainted  with 
this  district,  to  consider  it  as  forming  a  long  elliptical  basin,  of 
which  the  axis  ranges  from  north-north-west  to  south-south-east, 
between  the  villages  before  mentioned  of  Bretby  and  Swepston. 
More  than  ^0  coal  works  have  been  opened  on  this  line.    The 
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deepest  of  these  is  sunk  246  yards.  One  of  the  coal-heds 
attains  the  extraordinary  thickness  of  from  17  to  21  feet.  This 
is  prohably  occasioned  by  the  rnnning  together  of  two  or  more 
coal-seams,  a  circumstance  of  which  other  examples  occur  in  the 
coal-fields  of  Warwickshire  and  Dudley.* 

The  eastern  portion  of  the  Ashby  coal  district  taay  he  Baid 
to  commence  in  the  pits  belonging  to  Sir  George  Beaumont^ 
about  a  inile  and  a  half  north-east  from  the  above  town.  Two 
.coal  beds,  each  a  yard  and  a  half  thick,  are  here  worked  :  the 
strata  dip  to  ca§t-north-east  1  in  12.  On  Cole  Orton  Moor, 
several  coal  seams  which  have  been  proved  to  lie  above  these, 
•have  been  worked  to  the  depth  of  116.  feet.  The  dip  here 
continues  the  same;  that  is  directly  towards  the  transitioa 
group  of  the  Cham  wood  forest  hills  which  rise  at  the  distance 
of  less  than  a  mile  from  this  point ;  this  circumstance  appears 
embarrassing,  as  it  would  naturally  have  been  expected  that 
all  the  strata  would  have  l>een'  found  to  rise  and  crop  out  on 
their  so  near  approximation  to  this  chain:  somewhat  further 
however,  and  close  to  this  chain,  such  is  found  to  be  the  case  ; 
for  at  Thringston  the  coal-measures  have  been  proved,  and 
found  to  rise,  although  very  confusedly,  towards  it.    '  * 

At  Stanton  Harold  and  other  places  on  the  north  of  Coie 
Orton,  as  far  as  Ticknall,  coal  has  been  raised,  probably  from 
a  continuation  of  the  sam^  series. 

It  should  generally  be  observed,  that  the  strata  of  the  red 
ground  and  newer  red  sandstone  are  to  confusedly  intermixed 
on  the  surface  with  the  coal  rocks  of  this  district,  as  to  render 
the  elucidation  of  the  details  of  its  structure,  an  almost  hopeless 
task. 

The  millstone  grit  and  shale  have  not  yet  been  ascertained  to 
exist  in  this  district;   but  a  line  of  detached  carboniferous 

*  A  section  of  one  of  Lord  Moira's  pits  on  Ashby  Wold  presents — 
Various  strata  of  bind  occasionally  containing      Ft.    In. 
ironstone         -        -        -        -        -        -      53      7 

Coal    .--.--.-s— . 

Bind,  &c 128       5 

Coal    -- S4 

Bind,  &c. 177       7 

Coal    -        -        -        -        -        -        --        4     10 

Bind,  &c.     .W...-.46       9 
Kennel  Coal         ......29^ 

Bind,  &c.     -        -        -        -        -        -        -     128       S 

rRider  coal        -        -        -        -        5      5 
Main  Coal  •<  Fire  clay  .        ^        .        .        s    — 

CCoal       ^        -        -        -        .      15    — 

TevA      •    571     10^ 
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Hmestone,  of  a  "vety  remarkable  character,  flanks  it  on  thef 
north-west.  These  require  a  more  particular  description. 
There  are  eight  of  these  detached  points,  each  occupying  but 
a  few  acres  in  extent,  surrounded,  and  as  it  were  insulated,  bj 
overlying  strata  of  the  newer  sandstone  formation. 
,  The  limestone  thus  occurring,  is  strongly  impregnated  with 
magnesia,  resembling  in  this  several  of  the  strata  of  the  third 
bed  of  carboniferous  limestone  in  Derbyshire.  This  circum- 
stance has  led  some  geologists  to  confound  it  with  the  newer 
magnesian  limestone,  from  which  however  it  is  clearly  distin- 
guished by  its  extraneous  fossils,  which  entirely  agree  with 
those  of  the  mountain  limestone.  The  quarries  of  Ticknall 
afford  abundant  proofs  of  this. 

Some  of  these  islets  of  limestone  are  nearly  horizontal  in 
their  stratification,  and  in  that  case  lie  low:  others  are  highly 
inclined  and  rise  into  hills,  but  of  no  great  elevation. 

As  a  guide  to  those  who  may  be  inclined  to  attempt  the 
further  elucidation  of  this  district,  a  list  of  these  points  is 
subjoined,  following  the  order  in  which  they  occur  in  proceeding 
from  south  to  north. 

1.  The  most  southerly  of  these  points  is  about  fk^e  miles 
from  Ashby  on  the  Loughborough  road,  a  quarter  south  of  that 
road,  at  the  point  where  it  is  crossed  by  the  projected  canal; 
here  on  each  side  of  the  little  streamlet  of  Grace  Dieu,  are 
quarries  of  this  limestone.  The  strata  are  viewed  on  the  large 
scale,  nearly  horizontal,  but  have  several  partial  undulations. 
The  sienitic  crags  of  Charnwood  forest,  rise  within  a  quarter 
of  a  mile  on  the  south,  and  the  coal-measures  are  not  far 
distant  on  the  west;  but  the  relations  of  the  limestone  with 
neither  formation  is  distinctly  displayed. 

2.  One  mile  north  from  this  spot,  close  to  the  village  of 
Osgathorpe,  are  quarries  of  the  same  rock,  which  here  also 
appears  nearly  horizontal. 

3.  Half  a  mile  north  of  this  village,  rises  Barrow  hill, 
entirely  composed  of  this  rock :  the  strata  here  are  highly 
inclined,  but  the  stratification  is  very  indistinct. 

4.  Three  quarters  of  a  mile  north-north. west,  and  in  a  line 
with  this  hill,  is  Cloud  hill,  altogether  of  the  same  nature: 
here  the  strata  rise  towards  the  east  seventy  degrees. 

5.  On  the  further  side  of  a  plain  occupied  by  red  ground, 
and  at  the  distance  of  one  mile  and  a  half  north-north-west  from 
Cloud  hill,  rises  Breedon  hill ;  which  although  it  cannot  boast 
any  considerable  elevation,  is  rendered  by  its  insulated  position 
and  the  church  tower  on  its  summit,  a  very  conspicuous  object. 
Dr.  Beddoes  has  described  the  strata  of  this  hill  as  rising  on 
all  sides  towards 4ts  centre;  but  on  a  very  careful  examination 
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the  strata  were  observed  to  rise  uniformly  to  the  east*  It  is 
not  however  always  easy  to  distinguish  the  lines  separating 
them ;  and  to  this  the  Doctor's  error,  (if  it  can  be  one)  must  be 
attributed.  The  angle  of  their  inclination  is  from  45°  to  60°. 
This  hill  affords  the  best  station  for  commanding  a  general 
view  of  the  Chamwood  Forest  Chain,  which  is  seen  stretching 
on  the  south  iu  a  bold  range  of  broken  and  conical  summits. 

6.  In  Stanton  Park  in  the  parish  of  Stanton-harold,  are 
quarries  of  the  same  rock  horizontally  stratified. 

7.  Also  in  Calke  Park,  near  the  east  of  a  place  called 
Diminsdale. 

8.  Close  to  the  north  entrance  of  the  village  of  Ticknall, 
are  very  extensive  quarries  of  this  rock  horizontally  stratified. 
The  lower  strata  here  are  of  a  blue  colour,  and  these  abound  in 
entrochi,  terebratulites,  &c.  The  upper  are  of  a  pale  yellow  or 
green  colour  and  thicker;  this  latter  description  applies 
generally  to  the  character  of  the  stone  iu  all  the  other  quarries. 

It  does' not  appear  on  what  substratum  these  calcareous 
masses  rest ;  but  it  may  be  observed  that  the  inclined  masses 
all  rise  to  the  east ;  which  is  the  direction  they  would  naturally 
assume,  if  we  suppose  the  transition  chain  of  Chamwood  forest 
to  be  prolonged  towards  the  north,  beneath  this  covering  of 
the  newer  sandstone ;  and  thus  to  form  the  basis  of  this  system 
of  hills. 


Section  II. 
THE  WARWICKSHIRE  COAL-FIELD. 

This  coal-field  extends  in  length  about  sixteen  miles  from 
Wyken  and  Sow,  (villages  about  three  miles  east  from  Coventry,) 
on  the  south-east,  to  Polesworth  and  Wareston,  (about  five 
miles  east  from  Tarn  worth,)  on  the  north  west.  The  average 
breadth  of  the  coal  tract  may  be  about  three  miles.  All  the 
strata  rise  to  east-north-east;  the  inclination  becoming  more 
rapid  towards  the  eastern  edge  of  the  field,  where  it  in  many 
places  exceeds  an  angle  of  45  degrees  with  the  horizon,  and 
decreasing  towards  the  west  to  1  foot  in  three,  and  lastly  iu  5. 
The  outgoing  of  the  more  inclined  strata  on  the  east,  forms  a 
well  defined,  although  low  escarpment,  which  presents  in  some 
places  the  strata  of  the  coal-measures;  in  others,  the  subjacent 
strata  of  millstone  grit.  Beneath  this  escarpment  is  a  level 
plain,  in  which  all  the  inferior  strata  are  covered  up  and 
concealed  by  horizontal  and  overlying  strata  of  the  newer  red 
sandstone  and  marie ;  which  also  mantle  completely  rdund  the 
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eoal -field,  whose  measures  are  carried  beneath  them  on  the 
western  side  by  their  dip*. 

The  principal  coal-works  are  at  Griff  and  Bed  worth,  near 
the  south  of  the  field ;  at  Griff  four  beds  of  coal  are  worked, 
the  depth  of  the  first  being  117  yards,  and  the  principal  seam 
being  three  yards  in  thickness.  The  Bedworth  works  are 
upon  the  same  beds,  but  here  the  first  and  second  coal-seams 
of  Griff  run  together,  and  constitute  one  five-yard  seam.  The 
interposed  strata  of  shale  which  separate  them  at  Griff,  and 
which  are  there  found  to  be  in  the  eastern  shafts  thirty-three 
yards  and  in  the  western  twenty-five,  gradually  thinning  away 
in  proceeding  westwards,  till  at  length  they  entirely  vanish. 

Between  Griff  and  Nun  Eaton,  in  the  bottom  of  the  valley 
called  Griff  hollow,  and  thence  ascending  the  northern  hill, 
large  masses  of  a  very  compact  greenstone  may  be  observed 
traversing  the  coal-shale :  they  do  not  appear  to  be  dykes,  but 
portions  of  two  beds  regularly  and  conformably  interstratified 
among  those  of  shale.  (For  a  further  account,  see  the  appendix 
to  this  article.) 

The  millstone-grit,  which  has  been  mentioned  as  the  lowest 
formation  exhibited  in  this  coal-field,  may  be  se^n  to  the 
greatest  advantage  on  the  edge  of  the  escarpment  half  way 
between  Atherstone  and  Nun  Eaton.  The  character  here 
assumed  by  this  rock,  is  that  of  a  very  compact  and  cherty 
sandstone :  its  strata  rise  to  east-north-east  in  an  angle  of  45^ 

The  opposite  dips  of  this  coal-field  and  the  nearest  parts  of 
that  described  in  the  preceding  article,  shew  that  they  are 
detached;  although  the  interval  between  them  at  one  point 
does  not  exceed  six  or  seven  miles.  The  overlying  beds  of  the 
newer  red  sandstone  completely  conceal  the  substrata,  on,  whi^h 
both  these  coal-fields  rest  in  that  direction. 


Section  III. 

DUDLEY,  OR  SOUTH  STAFFORDSHIRE 
COAL-FIELD. 

This  coal-field  extends  in  length  about  twenty  miles,  from 
near  Stourbridge  on  the  sou th> west  over  Cannock  Chase,  to 
Beverton  near  Badgeley  on  the  north-east.  Its  greatest  breadth 
near  Dudley,  may  be  about  four  miles.  Its  superficial  area  has 
been  found  by  actual  survey  to  equal  sixty  square  miles :  of  this 
the  northern  portion  from  Cannock  Chase  to  near  Darlaston 
and  Bilston,  affords  many  coal-seams  of  eight,  six  and  four  feet 
in  thickness.    The  southern  portion,  extending  thence  to  near 
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Stourbridge^  is  about  s^t^  or  eight  miles  in  kngth  and  four  i5 
breadth.  It  is  advantageously  distinguished  fiom  the  forroef 
hj  the  occurrence  throughout,  of  a  coal-bed  of  the  enonnous 
thickness  of  30  feet.  This  is  considered  as  lying  above  Uia 
Cannock  Chase  bedji,  and  cropping  out  round  Bilston  and 
Darlafton. 

No  satisfactory  account  has  yet  been  published  of  the  north- 
em  portions  of  this  district ;  but  the  southern  has  been  fully 
illustrated  by  a  very  able  memoir  of  Mr.  Keirs^  published  in 
Shaw's  History  of  Staffordshire,  and  by  a  paper  of  Dr.  Thorn* 
son's  in  the  Annals  of  Philosophy. 

To  the  spectator  viewing  this  district,  it  appears  to  be  traversed 
from  north-west  to  south«east  by  a  line  of  hills,  not  absolutely 
continuous  indeed,  but  yet  having  an  uniform  general  direction 
in  the  interval,  near  the  centre  of  which  stands  the  town  of 
Dudley.  On  examination,  however^  the  hills  en  the  north, 
and  those  on  the  south  of  thai  town,  will  be  found  to  differ 
entirely  in  their  constitution,  although  they  agree  in  their  line 
of  bearing.  The  northern  chain  (composed  of  three  insulated 
oblong  hills)  is  entirely  constituted  of  limestone,  disposed  in 
highly  inclined  strata,  rising  on  all  sides  from  the  base  to  the 
ridge  of  the  hills,  and  forming  on  the  summit  an  acute  arch  ; 
or  as  the  Wemerians  would  say,  exhibiting  a  saddle-shi^d 
ftratification.  Against  the  sides  <lf  theie  hills  all  the  coaU 
measures  (as  reposing  on  the  limestone)  crop'Out  at  a  consider* 
able  angle ;  but  become  more  flat  in  proportion  as  they  recede 
from  these  hills;  which  constitute,  if  the  expression  may  be 
allowed,  the  centre  of  elevation.  The  other  chain  of  lulls  on 
the  south  of  Dudley,  is  entirely  composed  of  one  mass  of 
basalt  and  amygdaloid;  the  relations  of  which  to  the  coaU 
measures  have  not  been  clearly  ascertained,  further  than  that 
they  preserve  their  usual  level  in  approaching  the  chain  ;  and 
evidently  do  not  c^p  out  round  it,  as  round  that  of  limestone. 
Two  alternations  remain  with  regard,  to  this  chain,  it  may  be 
either  the  protruding  edge  of  a  vast  basaltic  dyke  traversing 
the  coal-field,  or  an  ov^r-lying  mass ;  which  latter  is  the  opinion 
generally  entertained  on  the  spot.  The  particular  description 
of  this  chain  is  of  course  reserved  for  the  appended  article  on 
the  trap  rocks  of  the  coal  districts. 

On  the  West,  near  Wolverhampton,  and  south,  near  Stour<« 
bridge,  the  coal-measures  appear  to  dip  beneath  the  beds  of 
the  newer  red  sandstone  formation ;  since  therefore,  we  find 
the  measures  of  this  and  the  Warwickshire  coal-field  dipping 
in  opposite  directions  beneath  these  superstrata,  it  seems  pro- 
bable that  they  may  extend  cmitinuously  below  this. 

On  the  eastern  limit  of  the  coal-field  near  Walsall,  the  same 
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limestone  with  that  of  Dudley  again  rises  :  and  the  coal-roea- 
siures  may  again  be  ofosenr ed  to  crop  out  against  it ;  thus  lying 
as  it  were  in  a  trough  between  these  two  towns. 

The  following  information  is  extracted  from  ^  A  geological 
sketch  of  the  country  round  Birmingham,'  by  Dr.  Thomson^ 
inserted  in  the  Annals  of  Philosophy,  vol.  8.  p.  164 — 170. 

Some  years  ago  Lord  Dudley  cut  an  underground  canal  to 
his  limestone  quarries  near  Dudley,  in  the'  course  of  which 
undertaking  all  the  coal-beds  between  the  limestone  and  the 
ten-yard-coal  were  cut  through.  All  the  coal-pits  in  this 
country  go  as  low  as  the  ten-yard  coal,  in  -which  their  great 
workings  always  exist.  Hence  a,ll  the  different  beds  which 
constitute  the  coal-formation  in  this  place  have  been  cut 
through,  and  are  known.  The  following  table  exhibits  the 
name  and  thicknesses  of  these  different  beds  as  determined  by 
Lord  Dudley's  canal,  and  by  a  coal-work  at  Tividale,  in  the 
parish  of  Rowley,  wrought  by  Mr.  Keir.  This  table  I  have 
taken  from  Mr.  Keir's  paper  above-mentioned,  making  such 
altemtions  in  it  as  will  serve  to  render  it  more  intelligible  to 
the  reader.  I  begin  with  the  lowest  bed,  which  lies  imme- 
diately over  the  limestone,  and  terminate  with  that  bed  which 
constitutes  the  immediate  surface  of  the  earth :— 


Names  of  the  Beds. 

Local  Names  of  Ditto 

Thickness. 

1.  ,Slate-clay  ...,.,.• 

2.  Limestone.  ....»•• 

Limestone 

Yds. 

30 

10 

76 

0 

40 

5 

2 

3 

3 
9 
2 
2 
7 
10 
0 
0 

Ft.  la. 
0  0 
0     0 

3.  Slate-clay ,... 

4.  Coal .,,.,.. 

Wild  measures 

I.Coal 

2  0 
2    0 

5.  Slate-clay  . . .  ^ . . , . 

6.  Coai ,.. 

.    Wild  measures 

2.  Coal 

0  0 
0    0 

7.  Slate-clay 

8.  Coal 

Black  measures 

3.  Good  Coal 

2  0 
1     0 

9.  Gmvel?  ..,.,,... 

Rough  spoil 

0     0 

10.  Coal  .,,.,,.,,... 

4.  Good  Coal 

0    0 

11.  Slate-clay 

12.  Slate-clay 

13.  Coal..,,,, 

Wild  measures 

Pot-clay 

0  0 
0    0 

5»  He<Uhing  Coal 

Clunch  and  iron-stone . 
6.  Main  Coal 

0     0 

14.  Slate-clay  . , 

0     Q 

15.  Coal .,, 

1     0 

16.  Bituminous  shale  . . 

Black  batt 

0     7 

17.  Slate-clay 

Catck  earth ,. 

2    9 

Carried  forward 

J 

204 

2  10 

3f4 
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Names  of  the  Beds. 


Local  Names  of  Ditto. 


Thickness. 


18.  Coal 

19.  Bitaminous  shale 

20.  Slate-clay 

21.  Sandstone < 

22.  Slate-clay 

23.  Coal , 

24.  Slate-clay , 

25.  Sandstone 

26.  Sandstone 

27.  Sandstone 

28.  Sandstone 

29.  Slate-clay 

30.  Sandstone 

31.  Slate-clay 

32.  Slate-clay 

33.  Slate-clay < 

34.  Coal  

35.  Slate-clay 

36.  Coal 

37.  Slate-clay 

38.  Sandstone 

39.  Shale?... 

40.  Sandstone 

41.  Sandstone 

42.  Slate-clay 

43.  Slate-clay 

44.  Coal 

45.  Qay 

46.  Slate-clay 

47.  Slate-clay  ...... 

48.  Sandstone 

49.  Clay  with  coal  . . 

50.  Sandstone 

5U  Slate-clay  ,••.,. 


Yds. 
Brought  over  204 

7.  Chance  Coal 0 

Black  batt 2 

Clunch  and  iron-stone .  0 

Rock  or  rock  binds ...  2 

Clunch  binds 1 

8.  Chance  Coal 0 

Clunch  parting 0 

Strong  rock ,1 

Rock  with  laminae   of 

coal ) 

Strong  rock 1 

Rock  binds 5 

Clunch  with  iron-stone  4 

Rock  binds 5 

Clunch  with  iron-stone  0 

Clunch  binds 8 

Penny-earth  with  iron- 
stone     2 

9.  Coal O 

Black  clunch 2 

10.  Broach  Coal 1 

Kind  clunch 0 

Rock  binds 2 

Parting  emitting  fire- 
damp     0 

Rock  binds 0 

Rock 0 

Fine  clunch 4 

Fire-cl^ , . . ,  l 

11.  Coal  called   two-foot- 

coal 0 

Soft  clunch..; 2 

Clunch  binds 4 

Kind  clunch  with  iron- 
stone     i  3 

Black  rocky  stuff 2 

Smutt b .  i . .  0 

Rocky  black  stuff 0 

Wild  stuff 5 


Ft.  In. 
2  10 
0  10 

0  0 
2  9 
2  10 

1  0 
0     9 

0  10 

1  0 


1 

1 
1 
2 
.2 
2 
2 

1 
1 
1 
0 
1 
1 


0 
0 
0 
0 
0 
9 
0 

0 
8 
0 
9 
0 
0 


Carried  over 


0  3 

2  0 

2  0 

0  0 

1  0 

1  6 

2  9 
0  0 

2  2 

2  0 

0  3 

1  0 
1  8 


277     2     2 
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Nametof  the  Beds.  . 

.  Xiocal  Names  of  Ditto. 

Thickneat.' 

52.  Slate-clay  ..:..... 

Brought  over 

Binds  withljalls  of  grey 

rock 

Yds.  Ft.  In. 
277     2     2 

3    2    0 

53.  Slate-clay  .......; 

54.  Sandstone 

55.  Slate-clay  ........ 

56.  Slate-clay 

57.  Slate-clay 

58.  Claymixed  with  coal 

59.  Slate-clay 

Red  wild  stuff ....... 

Greenish  rock  ....... 

Red  wild  stuff  . ; 

Grey  clunch 

White  clunch ........ 

Smalt 

2     1     6 
110 
13    2     6 
2     1     3 
10     3 
0    0  10 

Clunch  with  iron-stone 
in  it i 

2    2     3 

60.  Sandstone 

61.  Slate-clay 

62.  Glav % 

Rock  with  coal  inter- 
spersed   

Red-coloured  roach. . . 
Blue  clay  .*, 

12    0 
12    0 
0     10 

63.  Slate-clay 

64.  Red-clav 

Brown-coloured  roach. 
Brick  clay 

2    0    0 
12     6 

65.  Soil  . . . .  i 

Soil 

0     10 

Total  thickness 

313     1     3 

'  From  this  table  we  see  that  the  beds  distinguished  by  differ- 
ent  names  in  this  coal-formation  amount  to  65,  and  that  its 
whole  thickness  is  313  yards,  1  foot,  and  3  inches,  or  about  156 
fathoms.  The  main  coal,  which  is  the  great  object  of  the 
colliers  in  that  country,  is  about  60{  fathoms  below  the  sur- 
face in  the  neighbourhood  of  Dudley.  The  beds  of  coal  are 
11  in  number,  five  above  and  five  below  the  main  coal.  The 
first  bed  occurs  at  the  depth  of  55  yards,  or  27|  fathoms  below 
the  surface,  but  none  of  the  beds  above  the  msun  coal  are  con- 
sidered as  worth  working.  The  beds  below  the  main  coal  are 
of  very  considerable  thickness.  None  of  them  are  wrought  in 
the  neighbourhood  of  Dudley ;  but  on  the  north  side  of  Bilston^ 
and  in  Cannock  Chase,  are  the  beds  which  supply  the  country 
with  fuel.  The  main  coal,  or  ten -yard -coal,  consists,  in  fac^ 
of  13  different  beds,  some  of  them  lying  close  to  each  other, 
and  others  separated  from  each  other  by  very  thin  beds  of 
slate-clay,  called  partings.  The  following  table  exhibits  the 
names  and  thickness  of  these  different  beds,  as  stated  by  Mr. 
Keir,  in  the  Tividale  Colliery.  I  have  compared  them  with 
some  other  collieries,  «nd  found  them  nearly  the  same  :— 
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Yds.  Ft.  In. 

I.  Roof  floor,  or  top  floor 1  1  9 

Parting  of  four  inche*. 

.2.  Top  slipper,  or  spires 0  2  2 

3.  Jays 0  2  0 

WhitC'^tone,  called  patchel,  one  inch; 

4.  Lambs  .; - 01  0 

5.  Tow,  oir  Tough,  or  Kitts,  or  Heath  ..:  0  1  6 

6.  Benches 1   0  1  5 

7.  Brassils,  or  Corns ^ 1  0  1  6 

Foot  coal  parting  (sometimes  only). 

8.  foot  coal,  or  bottom  slipper,  or  fire  coal  0  18 

John  coal  parting  one  inch. 

9.  John  coal,  or  slips,  or  yeins 1  0  0 

Hard-stone,  10  inches,  sometimes  less. 

10.  Stone  coal,,  or  Jong  coal 1  1  0 

11.  Sawyer,  or  springs ««««FfrtO  1  0 

12.  Slipper ^. ,.f*ttf*.0  2  5 

Hupaphrey  parting. 

13.  Humphrey's,  Ar  Bottanibefich,i>r  Kid.  •  0  2  S 


Total  thickness  of  coal. ...   9    1    7 

About  €▼«  yards  of  this  mtan  eoal,  namely,  the  iambs,  the 
b'rassils,  upper  part  of  John  coal,  bottom  part  of  stone-coal, 
and  sawyer,  consist  of  coal  of  the  best  quality,  which  is  em- 
ployed in  private  houses.  The  quality  of  the  remainder  is 
inferior.  On  that  account  it  is  used  only  in  the  iron  furnaces, 
which  abound  in  this  part  of  the  kingdom.  The  coal  is  of  the 
species  of  slate-coal.  It  does  not  cake ;  and  burns  away  more 
rapidly  than  Newcastle  coal,  leaving  behing  it  a  white  ash. 
But  it  inake3  a  more  agreeable  fire,  and  does  not  require  to  be 
stirred. 

The  coal-beds  dip  towards  the  south,  and  rise  towards  the 
north ;  so  that  at^  Bilston  the  main  coal  crops  out,  and  disappears 
altogether.  A  very  curious  phcenomenon  takes  place  at  Bloom- 
field  Colliery,  to  the  south  of  Bilston.  The  two  upper  beds  of 
the  main  coal,  called  the  roof  floor  and  top  slipper,  separate 
from  the  rest,  and  are  distinguished  by  the  name  of  the  Jlyin^ 
reed,  lliis  separation  grows  wider,  and  at  Bradley  Colliery 
amounts  to  12  feet,  four  beds  of  shale,  slate-clay,  and  iron^ 
stone,  being  interposed.  These  two  upper  beds  crop  out,  while 
itie  rest  of  the  main  coal  goes  on  to  Bilston^  and  is  only  ei^hi 
yards  thicks 
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To  give  the  reader  some  idea  of  the  degree  of  regolarity 
trhicb  the  different  beds  e^iUt  in  this  district^  I  shall  g;Te  a 
table  of  the  different  beds  bored  through  at  Bradley  colliery, 
near  Bilston,  beginning,  as  before,  with  the  lowest,  and  ter# 
mnating  with  the  surface  bed  :-*«> 


Names  of  the  Beds. 

Local  Names  of  Ditto. 

Thickness. 

1.  Coal 

Ileathing  Coal 

Clunch 

Yds.  Ft.  In. 

2.  Slate-clay 

3,  Shale 

3     10 

Table  batt. ...-., 

0    2    0 

4.  Coal 

Coal 

0     0     6 

5.  Shale 

Hard  batt 

0     1     0 

6.  Clay-iron-stone .... 

7.  Slate-clay 

8.  Slate-clay 

9.  Clay 

Iron-stone 

1     0     0 

White  clay 

0     2    0 

Blue  clay 

0     0     6 

Short  earth 

0     16 

10.  Coal 

Main  Coal 

8     1     3 

11.  Shale 

Black  batt 

0    2     6 

12.  Clay-iron-stone    ... 

13.  Slate-clay 

14.  Shale 

Iron-stone 

0    0    8 

Blue  binds 

12    0 

Batt 

110 

15.  Coal 

Flying  reed 

12    0 

16.  Shale 

Batt. 

0    2     0 

.17.  Slate-clay 

18.  Slate-clay 

1 9.  Sandstone 

Blue  clunch -...* 

3    0    0 

Ditto  containing  four  thin 

iron-stone  beds 

Grey  rock 

4  0  0 
0     10 

20.  Slate-clay 

21.  Sandstone  ?  ...... 

Clunch  

0     16 

Peldon 

0    2    0 

22.  Sandstone 

Grey  rock 

10    0 

23.  Slate-clay 

24.  Sandstone 

25.  Slate-clay 

26.  Red  sand 

Bine  clunch  ........... 

6     0    0 

Grey  rock 

Blue  clunch 

1  0  0 
8     0    0 

Sand 

10    0    0 

Soil 

0     2    0 

Total 

56     2     5 

We  see  from  this  table  that  the  greater  number  of  the  beds 
which  coTer  the  main  coal  at  Tividale  have  cropped  out  and 
disappeared  before  the  main  coal  got  to  Bradley.  At  Tividale 
the  main  coal  is  60|  fatlioms  below  the  surface ;  at  Bradley  it 
is  only  20^ ;  making  a  difference  of  40  fathoms.    Thus  w^  see 
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that  the  dip  sooth  is  pretty  considerable,  amount^g  probably 
to  1  foot  in  90.  Indeed,  if  we  subtract  the  flying  reed,  and 
all  the  beds  between  it  and  the  main  coal,  amounting  to  about 
three  fathoms,  we  should  increase  the  dip  somewhat. 

l*he  curious  phoenomenon  of  the  flying  reed  seen^  to  show 
very  clearly  that  the  different  beds  of  which  the  main  coal 
consists,  were  deposited  at  different  times,  and  at  considerable 
intervals  from  each  other.  During  one  of  these  interrals  the 
beds  separating  the  flying  reed  from  the  rest  of  the  main  coal 
seem  to  have  been  deposited  towards  the  north  of  the  field, 
while  no  deposit  whatever  took  place  towards  the  south  of  the 
field. 

The  substance^  which  occur  in  this  coal  are  the  same  as  those 
found  in  the  coal  of  other  coal-fields ;  namely,  1.  Iron  pyrites, 
which  occurs  chiefly  in  that  bed  of  the  main  coal  called  Bras- 
sils,  and  which  furnishes  a  coal  of  the  best  quality.  2.  Galena 
in  very  small  plates  and  strings;  it  occurs  likewise  in  the 
Newcastle  coal.  3.  Gypsum  and  calcareous  spar:  both  of 
these  (chiefly  the  former)  may  be  seen  occasionally  in  thin 
plates  encrusting  pieces  of  coal.  When  the  coal  is  in  small 
fragments  it  is  called  mucks  by  the  colliers.  These  small  frag- 
ments are  left  in  the  mine,  and  constitute  nearly  one-third  of 
the  whole  coal  in  the  bed.  The  pillars  left  standing  probably 
amount  to  another  third ;  so  that  the  miners  in  this  country 
extract  only  one-third  of  the  coals,  and  leave  two-thirds  in  the 
mine.  This  wasteful  mode  of  working  is  to  be  ascribed  to  the  low 
price  of  coals.  As  far  as  I  have  had  an  opportunity  of  judging, 
and  I  have  been  in  most  of  the  coal  countries  of  Great  Britain, 
the  price  of  coals  at  Birmingham  is  less  than  any  where  else 
except  Glasgow.*  The  consequence  is,  that  the  small  coal 
will  not  bear  the  expense  of  removal.  It  is,  therefore,  left  in 
the  pits  in  prodigious  quantities,  where  it  is  speedily  destroyed 
by  the  weather.  It  is  a  pity  that  this  enormous  waste,  which 
must  hereafter  be  dreadfully  felt  in  that  country,  could  not  be 
prevented.  The  consumption  of  coals  in  this  part  of  England 
is  prodigious.  All  the  neighbouring  counties,  to  a  considerable 
distance,  are  supplied  by  means  of  the  numerous  canals  of 
which  Birmingham  constitutes  the  centre.  Besides  this,  an 
immense  quantity  of  coal  is  required  for  the  iron  works,  which 
are  established  in  the  neighbourhood  of  Dudley  to  the  amount 
of  68.    These  smelted  an  immense  quantity  of  iron ;  probably 

*  I  consider  the  wonderful  rapidity  with  which  Glasgow  has  advsmced 
in  population,  manufactures,  and  trade,  as  owing  in  a  great  measure  to  this 
circumstance.  The  inhabitants  pay  less  for  their  coals  than  is  paid  in  every 
other  part  of  Great  Britain* 
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more  than  the  qiiantity  manufactured  in  all  the  rest  of  .Great 
Britain.  But  the  low  price  to  which  iron  has  of  late  smik 
(about  £9  or  £lO  sterling  per  ton)  has  in  a  great  measure 
destroyed  this  formerly  lucrative  manufactory.  No  less  than 
32  of  the  68  furnaces  have  stopped,  or  been  blown  outy  as  the 
phrase  is  in  Staffordshire.  The  Welsh  ircm  manufacturers,  it 
seems,  produce  a  greater  proportion  of  iron  from  their  ore,  and 
work  with  less  coals  than  they  can  do  in  Staffordshire.  They 
are  able,  in  consequence,  to  undersell  them.  This  opposition 
has  been  carried  so  far  as  to  sink  the  price  of  iron  much  lower 
than  it  seems  possible  to  manufacture  it  at.  Before  the  late 
peace  it  sold  at  £18  per  ton,  which  was  almost  double  its 
present  price. 

Tracts  of  coal  occur  in  this  coal-field  dbtinguished  by  a 
blacker  colour,  possessed  of  less  lustre,  and  burning  with  less 
flame,  than  the  common  coal.  Such  tracts  are  called  blacks. 
It  contains  less  bitumen,  and  approaches  nearer  to  coke  than 
the  rest  of  the  coal.  In  cracks  of  the  superincumbent  beds 
there  occur  shining  pieces  of  coal,  like  Kilkenny  coal.  Accord- 
ing to  Mr.  Kier,  it  is  imbedded  in  cubic  cells,  formed  by  thin 
planes  of  calcareous  spar,  intersecting  each  other  at  right 
angles. 

This  coal-field  contains  a  less  number  of  sand-stone  beds 
than  the  coal-formations  in  Scotland  and  the  north  of  England. 
The  slate-clay,  called  in  that  country  clunch,  is  harder,  has 
more  lustre,  and  is  composed  of  finer  particles,  than  slate-clay 
in  the  coal -formation  generally  is.  The  batt  is  a  black  slate  or 
shale,  which  may  be  split  into  Tery  thin  fragments,  and  which 
in  general  contains  much  less  bitumen  than  bituminous  shale. 
It  approaches  more  nearly  to  drawing'Slate  in  its  appearance^ 
only  its  slaty  fragments  are  much  thinner.  The  clay-Iron-stone 
occurs  in  various  beds,  but  is  only  wrought  in  two ;  namely,  in 
the  bed  that  occurs  under  the  broach  coal  in  the  neighbourhood 
of  Wednesbury,  and  in  that  which  occurs  under  the  main  coah 
This  last  is  the  bed  usually  wrought  for  iron  ore.  This  ore  is 
what  mineralogists  term  clay-iron^stone.  It  is,  in  fact,  a  car*^ 
bonated  hydrate  of  iron,  usually  mixed  with  clay.  Probabljp 
the  proportion  of  clay  is  greater  here  than  in  Wales.  This 
would  account  for  the  greater  produce  of  the  Welch  ones,  and 
the  smaller  quantity  of  fuel  which  they  consume.  This  iron 
ore,  when  taken  out  of  the  mine,  is  built  up  In  heaps  called 
blooms^  four  feet  long,  three  feet  wide,  and  32  inches  high.  It 
is  considered  as  weighing  35  cwt.,  each  cwt.  being  120  lb. : 
1000  or  1200  such  blooms  are  usually  got  from  an  acre  of  good 
miAe« 
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In  the  Marquis  of  Anglesea's  park,  called  Beaudeiert,  there 
is  a  mine  of  cannel  coal,  which  is  reserved  for  the  exclasiTe  use 
of  the  Marquis'^  family*  This  coal  has  a  brownish-'blak^k  colour^ 
and  much  less  lustre  than  common  coal.  The  fracture  is  flat 
conchoidal,  and  quite  smooth ;  but  the  cross  fracture  is  more 
rough,  -and  on  that  account  has  a  blacker  appearance.  This 
coal  is  hard,  and  does  not  soil  the  fingers.  Interspersed  through 
k  are  numerous  specks  of  a  brown  matter,  very  similar  in 
appearance  to  Bovey  coal. 

Many  faulti  occur  in  the  coal-field.  They  are  rents  i^  the 
beds,  which  are  usually  filled  with  cbty.  Very  frequently  the 
height  of  the  beds  varies  on  the  two  sides  of  a  fault.  By  a  great 
fault  which  occurs  near  Bilston,  the  dip  of  the  coal  is  reversed; 
that  is  to  say,  the  coal-beds  on  the  south  side  of  the  fault  dip 
south,  and  those  on  the  north  side  dip  north*  But  this  is  an 
unusual  occurrence. 

.  Ironstone  is  found  in  sevenil  of  the  measures.  But  of  these 
two  only  are  worked  for  the  ore.  Vegetable  impressions  are 
common.  •  The  deepest  pits  are  sunk  about  140  yards. 

Millstone-grit  does  not  appear  to  have  been  noticed  in  this 
district;  but  the  coal^shales  repose  immediately  on  the  lime- 
stone. 

Neither  does  the  subjacent  limestone  itself  belong  to  the 
same  formation  with  that  constituting  the  ordinary  basis  of  the 
other  coal*fields ;  but  appears  to  be  of  much  higher  date,  agree- 
ing closely  in  its  extraneous  fossils  and  general  character  with 
the  transition  limestone  which  (as  we  shall  have  an  opportunity 
of  demonstrating  hereafter)  is  separated  from  the  mountain 
limestone  by  the  important  formation  of  the  old  red  sandstone* 
The  limestone  of  Dudley  and  Walsall  will  therefore  be  described 
in  treating  of  tlie  transition  rocks. 

This  abs^ice  of  millstone-grit,  carboniferous  limestone,  and 
bid  red  sandstone,  and  the  immediate  contiguity  of  the  coal- 
measures  and  a  transition  rock,  constitute  a  remarkable  and 
important  character  in  this  coal-field :  and  in  this  it  resembles 
some  others  in  Shropshire,  of  which  we  shall  hereafter  have 
occasion  to  speak. 

A  little  on  the  west  of  Dudley  there  is  a  considerable  tract 
in  which  some  of  the  collieries  having  taken  fire  from  spon- 
taneous ignition,  many  years  back,  the  conflagration  has  spread 
to  a  great  extent,  and  still  continues  in  great  activity:  thia 
produces  many  singular  eflects :  smoke  and  steam  mvf  ifl  some 
places  be  observed  to  rise;  the  vegetation  on  the  surface  is 
accelerated,  and  the  ponds  become  thermal :  where  the  -ignited 
mass  of  coal  has  been  nearer  the  surface,  tlie  argillaceous  strata 
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eoveriiig  it  have  become  conrerted  by  heat  into  a  species  of 
pOrceltttB  jasper,  beautifully  striped  by  the  rariousr  degrees  df 
oxidation  induced  in  the  iron  it  contains. 


Section  I V^ 

INDICATIONS  OF  COAL  NEAR  THE  LICKEY  HILL. 

Mr.  Buckland  has  observed  some  broken  and  confused  traces 
of  coal-measures  and  of  transition  lime  near  the  north  foot  of 
the  quartz  rock  of  Lickey  hill,  a  few  miles  south  from  this  coal- 
field; and  it  has  been  reported  that  old  coal-works  exist  in 
Ashby  heath,  about  six  miles  south«ea»t  of  the  lickey.  But 
this  statement  rests  on  no  good  authority. 


CHAPTER  IV. 

Western  Coal  Districts. 

The  coal-fields  referred  to  this  division,  may  be  generally 
described  as  disposed  around  the  transition  district  of  North 
and  South  Wales.  They  may  conveniently  be  subdivided  into 
A.  the  north-western,  including  the  coal-fields  of  Anglesey  and 
Flintshire.  B.  the  western,  or  those  of  Shropshire,  and  C.  the 
south-western,  or  the  three  important  coal-basins  of  South  Wales, 
of  Monmouthshire,  and  that  of  South  Gloucester  and  Somerset. 

Section  I. 
North'Westemy  or  North  Welsh  CoaUJields. 

1.    ISLE  OF  ANGLESEY. 

.    The  first  then  of  these  coal-fields  which  requires  our  attention 
is  that  contained  in  the  Isle  of  Anglesey. 

A  remarkable  valley  traverses  the  whole  of  this  island,  running 
nearly  parallel  with  the  Menai  Straits,  and  at  the  distance  of 
pbout  six  miles  from  them :  this  opens  on  the  south  into  the 
sstuary  of  Maltraeth,  and  on  the  north  into  Redwharf  Bay. 
This  valley  is  flanked  on  both  sides  by  parallel  belts  of  car- 
boiiiferous  limestone^  in  the  depression  between  which,  coal,  has 

3g2 


Digitized  by 


Google 


418      Book  IV.    Chap.  IV.    Goal^  and  asioiuUed  h$d$» 

been  worked  near  the  Maltraeth  sstnary,  and  probably  extendf 
along  the  whole  line.  A  few  years  since,  sbs^ts  were  «ank  in 
the  vicinity  of  Trefdraeth ;  and  new  trials  hare  recently  feeen 
made  with  success  at  Pen  tre  beren,  about  five  miles  north-east 
from  the  old  pits.  The  veins  are  described  as  thick  and  ex- 
tensive, and  the  coal  of  excellent  quality. 


2.    FLINTSHIRE. 

Carboniferout  Limestone  of  North  Wales j  and  Cotd'field  qf 
Flintshire, 

Before  proceeding  io  the  coalfield  of  Flintshire,  it  will  be 
necessary  to  trace  the  line  of  carboniferous  limestone  skirthig 
the  edge  of  the  North  Welsh  mountains,  which,  on  arriving  in 
that  county  (Flint),  form  the  base  of  its  coal-measures. 

This  commences  near  the  port  of  Crickhaeth,  on  the  south 
of  Carnarvon,  and  hence  proceeds  northwards  in  an  inter- 
rupted line  along  the  shore,  until  it  arrives  at  that  town :  here 
its  strata  dip  in  an  angle  of  10*  or  12**  towards  the  water, 
and  rest  on  a  conglomerate  of  quartz  pebbles  in  a  calcareous 
cement.  From  this  place  it  proceeds  along  the  Menai,  forming 
its  eastern  bank  as  far  as  Bai^gor  Ferry ;  beyond  which  point  it 
is  cut  off,  by  the  approach  of  -mountains  of  older  formatioii  tp 
ihe  sea.  The  line  recommences  in  the  lofty  pron^ontory  of 
Ormes  head,  a  Ifirge  detaphed  hill,  situated  at  the  easter|]i  ex- 
tremity of  the  mouth  of  the  aestuf^ry  of  the  Conway.  This  vast 
unconnected  rock  has  no  doubt  been  formerly  an  island,  being 
at  present  joined  to  the  main  land  only  by  a  neck  of  low 
marshes.  Some  copper,  though  in  no  great  quantity,  is  pro- 
cured from  two  mines  near  the  top  bf  the  mountain.  The  ore 
is  malachite,  found  between  the  limestone  in  strata  about  two 
inches  thick :  the  limestone  resembles  in  appearance  those  va*? 
rieties  that  contain  magnesia.  The  limestone  oliflTs  commence 
on  the  coast  about  four  miles  south-east  of  this  promontory,  and 
follow  the  line  of  the  coast  by  Abergeley  Cw^e^e  are  some  old 
lead  mines)  to  the  mouth  of  the  Clwyd.  In  the  vale  of  the 
Clwyd  may  be  traced  the  old  red  Fandstone,  on  which  this  for- 
mation appears  to  rest :  it  is  perhaps  co-extensi? e  with  this 
rock,  but  has  never  been  particularly  noticed.  Beyond  the 
Clwyd,  the  limestone  is  prolonged  through  Flintshire,  where 
it  forms  the  base  of  the  coal-field  we  are  about  to  describe ; 
its  direction  continues  to  be  westerly,  as  far  as  the  neighbour- 
hood of  Holywell  (where  extensive  lead-mines  are  worked  in 
it) ;  theuce  it  turns  southward,  passes  a  little  on  the  «ast  of 
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Mold)  skirts  tlie  little  river  Akin  with  a  bold  ridge  of  ^tecU 
pices,  forms  the  Eglwysegg  rocks  in  Langollen  vale,  wlMi  it 
crosses  towaids  the  «(mth  of  that  valley.  It  is  broken  and 
interrupted  for  a  time  bj  the  slate  mountain  of  Selattyn,  (be- 
tween Chirk. and  Oswestry)  but  again  resumed  in  the  hill  of 
Lanymyneck,  where  its  strata  are  nearly  horizontal,  and  con- 
tain, as  at  Ormeshead,  malachite;  here  the  line  expires. 
'  The  coal-formation  which  rests  on  this  rock  in  Flintshire^ 
commences  with  beds  of  shale  and  sandstone,  answering  in 
position  and  character  to  the  shale  and  milistone-grit  of  Derby- 
shire. The  coal  is  of  different  thickness,  from  three-quarters 
to  five  yards.  The  beds  dip  from  cme  yard  in  four,  to  two  in 
three*  They  immerge  beneath  the  aestuary  of  the  Dee;  are 
discovered  again  on  its  opposite  side,  on  the  south  of  the  penin- 
sula of  Wind  in  Cheshire,  where  they  finally  sink  beneath  su- 
perstrata of  the  newer  red  sandstone,  and  are  possibly  prolonged 
beneath  these,  until  they  re-emerge  in  the  great  Lancashire 
coal-field*  .     ,   ; 

The  coal-measures  extend  from  north  to  south  somewhat  more 
than  30  miles,  from  Llanassa,  near  the  western  cape  of  the 
tfstuary  of  the  Dee,  to  near  Oswestry  in  Shropshire;  forming 
^n  exterior  belt,  co-extensive  with  the  range  of  the  mountain 
lime  from  the  tiorth  of  the  Clwyd ;  where  the  carboniferous 
lime  is  partially  interrupted  by  the  mountain  of  Selattyn ;  the 
coal-shales  rest  immediately  on  the  transition  slate  of  which 
that  mountain  is  composed.  Common,  cannel,  and  peacock 
coal,  are  found. 


Section  II. 

MidMeWeitern  CoaUfields. 

(fl)  COAL-FIELDS  OF  THE  PLAIN  OF  SHREWSBURY. 

After  quitting  the  coal-field  just  described,  a  district  of  much 
more  confusion  is  entered  upon  :  the  general  relations  of  which 
it  will  be  necessary  to  sketch,  before  attempting  any  account  of 
it&  coal-fields. 

.  Near  the  point  at  which  our  survey  of  that  coal-field  termi- 
natedv  the  Severn  quits  the  transition  mountains,  to  flow  through 
whatmay  be.  termed,  the  plain  of  Shrewsbury,  which  is  skirted 
at  a  variable  distance  on  the  south-west,  by  the  prolonged  chain 
of  those  mountains,  whence  frequent  branches  are  detached, 
(under  the  names  of  the  Long  Mountain,  Breddin  Hills,  the 
Stiperstone,  and  Loogmont  Forest)  which  advance  far  into  the 
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plains;  and  cloise  to  the  last  at  Chufeh  Stretton,  a  still  more 
important  range  of  hills,  of  transition  trap,  slate,  and  quartz 
rock,  which,  under  the  names  of  Caer  Caradoc,  the  Wrekio^ 
l^c.  project  many  miles  to  the  north-east,  crossing  the  Severn^ 
and  extending  almost  to  Newport.  Thus  the  plain  of  Shrews^ 
hwrj  is  bounded  on  the  west,  south,  and  east,  by  mountua 
chains  of  this  age  and  class.  The  plain  itself  is  generally  0T6r^ 
spread  by  strata  of  the  newer  red  sandstone ;  but  many  broken 
patches  of  coal'^rata,  almost  too  limited  in  extent  to  be  worthy 
of  mention,  are  scattered  oYer  it,  and  in  the  intervals  between 
the  transition  chains  by  which  it  is  indented.  No  distinct  ^« 
(count  of  these  has  yet  been  made  public.  Next  to  these  nar» 
row  and  broken  coaUfields  of  the  plain  of  Shrewsbury,  we  find 
on  the  eastern  side  of  the  Wrekin  chain,  one  of  much  greater 
importance^  that,  namely,  of  Coalbrook  Dale. 


(b)   THE  COALBROOK  DALE  COAL-FIELD* 

TMs  coal-field,  like  that  of  Dudley,  reposes  on  transitioa 
limestmie,  a  long  belt  of  which  skirts  the  transition  chain  of 
the  Wrekin,  on  the  eastern  side  extending  into  Herefordshire  i 
but  sometimes  between  the  limestone  and  the  coal,  a  bed  locally 
termed  die  earth  (from  the  fact  that  beneath  it  the  coal  beds 
die,  or  cease)  is  interposed.  This  however  in  fact.  Is  cmly  a 
loose  and  impure  form  of  the  calcareous  strata,  adulterated  by 
the  mixture  of  particles  of  clay  and  sand.  The  nature  of  the 
fossils  it  contains  clearly  refers  it  to  the  same  formation,  wliich 
will  be  described  in  treating  of  the  transition  rocks.  Trap 
rocks  are  also  interposed  .in  some  places  between  the  lime  and 
coal ;  an  account  of  which  will  be  found  under  the  proper  head. 

The  coal-measures  rise  west*4iorth-we8t  at  an  angle  of  about 
6*.  On  the  eastern  side,  towards  which  they  dip,  they  are 
succeeded  by  the  strata  of  the  great  red  sandstone  tract,  now 
generally  referred  to  the  newer  sandstone ;  it  has  not  however 
been  absolutely  ascertained  whether  they  are  prolonged  beneath 
this  sandstone,  or  cut  off  abruptly  against  it :  the  former  opinioB 
however  b  entertained  by  many  of  the  most  experienced  miners^ 
And  as  at  the  distance  of  12  miles  to  the  west,  the  coal-storatt 
of  the  Dudley  coal-field  appear  to  emerge  from  beneath  the 
same  formation  with  an  opposite  inclination,  they  have  been 
supposed  to  have  a  subterraneous  connexion.  However  this 
may  be,  it  does  not  seem  possible  for  any  one  who  has  atten* 
tively  studied  the  two  sandstone  and  coatformations  in  their 
character  and  relations,  as  exhibited  in  thi^  clearest  manner  In 
iite  8outh»westeni.couxitie5,^to  entertain  a  doubt  as  to  the  chtas 
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df  fonnations  which  most  properly  claims  the  sandstone  in 
question  as  one  of  its  members*  These  remarks  are  rendered 
necessary^  since  it  has  been  described  as  the  old  red  sand- 
stone by  a  most  able  and  accurate  geologist,  from  whom  it  is 
impossible  to  differ  without  hesitation  and  deference ;  but  whose 
lesearches  do  not  appear  to  have  extended  to  those  parts  of 
the  island  which  alone  afford  a  completely  satisfactory  solution 
of  this  debated  question. 

This  Gosdofield  ranges  from  Wombridge  in  the .  parallel  of 
Wellington,  to  Coal-port  on  the  Severn,  a  length  of  about  six 
miles ;  its  greatest  breadth  is  about  two  miles*  It  is  composed 
of  the  usual  members,  namely,  of  quartzose  sandstone^  of  tndu* 
rated  clay^  of  clay  porphyry^  of  Haie  clay^  and  of  coo/,  alter* 
nating  with  each  other  without  much  regularity,  except  that 
each  bed  of  coal  is  always  immediately  covered  by  indurated  or 
siaty  clay^  and  not  by  sandstone.  The  series  immediately 
belonging  to  the  coal-formation  is  most  complete  in  the  deep 
of  Madely  colliery,  where  a  pit  has  been  sunk  to  the  depth  of 
729  feet  through  all  the  beds,  eighty^six  in  number^  that  coti- 
ititute  this  formation. 

.  The  sandstones^  which  make  part  of  the  first  30  strata,  are 
fine-grained,  considerably  micaceous,  and  often  contain  thin 
plates  or  minute  fragments  of  coal*  The  31st  and  33d  strata 
are  coarse-grained  sandstone  entirely  penetrated  by  petroleum  ; 
they  are,  both  together,  fifteen  feet  and  a  half  thick,  and'  fur« 
Bish  the  supply  of  petroleum  that  issues  from  the  tar^spring  at 
Gml-port.  At  the  depth  of  430  feet  occurs  the  first  bed  of 
very  coarse  sandstone  or  grit ;  its  thickness  is  about  15  feet. 
The  next  bed  of  sandstone  deserving  notice,  occurs  at  the 
depth  of  576  feet,  is  about  18  feet  thick,  is  fine-grained  and 
very  hard,  and  is  often  mixed  with  a  little  petroleum:  the 
name  given  to  it  by  the  colliers  is  the  big  Jlint,  The  lowest 
sandstone,  called  the  Utile  flinty  is  the  85th  in  number,  and  is 
about  15  feet  thick;  the  lower  part  is  very  coarse  and  full  of 
pebbles  of^  quartz ;  the  upper  is  of  a  fine  grain,  and  sometimes 
is  rendered  very  dense  and  hard  by  an  intimate  mixture  of  iron 
ore ;  it  occurs  at  the  depth  of  705  feet.  Vegetable  impressions 
are  met  with  in  most  of  the  sandstone  beds,  but  it  is  not  known 
that  they  contain  shells. 

•  The  elay'-porphyry  occurs  only  once  in  the  whole  series ;  it 
forms  a  bed  nine  inches  thick,  at  the  depth  of  73  feet  from  the 
surface.  It  consists  of  a  highly  indurated  clay  of  a  liver-brown 
colour^  in  which  are  imbedded  grains  of  quartz,  of  hornblend, 
and  of  felspan  - 

The  iniurated  clay  is  in  some  beds  compact,  dull,  and 
smooth ;  it  is  then  termed  clod:  in  others  it  is  gUwsy,  unctuon^, 
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and  tending  to  H  sbty  toztUre,  <"^  ^^  ^^^^^  called  <:l»itcA;r  It 
encloses  beds  of  cla^^ironsione  in  the  fonn  of  compressed  batts, 
some  vegetable  impressions, ,  and  a  few  sbellsv  The  beds  of 
iron  ore  are  five. or  six  in  number ;  they  all  lie  in  the  indomted: 
clays,  and  all  consist  of  balls  or  broad  flat  masses. 

The  skUy  cla^j .  called ,  by  the  minejrs .  bas^t ,  is  of  a  bluish 
black  colour  and  slaty  texture ;  it  usually  contains  pyrites,  and 
is  always  either  mixed  with  coal,  or  combined  with  petroleum ; 
in  the  former  case: it  passes  insensibly  into  slaty  coal,  and  in  the 
latter  into  cannel  coal. , 

The  first  bed  of  coal  occurs  at  the  depth  of  102  feet  from  the 
surface,  is  not  more,  than  four  inches  thick,  and.  is  very  suU 
phureous;  nine  other  beds  of  a  simihur  nature,  but. somewhat 
thicker,  lie  between  this,  and  the  depth  of  306  fe^.  They  are 
termed  stinking  coal,  and  are  employed  only  in  the  burning  of 
lime.  The  first  bed  of.  coal  that  is  worked  is  five  feet  thick, 
^d  occurs  in  this  colliery  M  the  depth  of  466  feet;  between 
this  bed  and  the  big-flint  sandstone,  are  two  beds  of  coal,  one 
ten  inches,  the  other  three  feet  thick*  Betwe^i  the  big  and 
little  flints,  which  are  about  100  feet  apart,  lie  nifte  beda 
of  coal  of  the  aggregate  thickness  of  about  16  feet.  Beneath 
this,  and  the  lowest  bed  of  the  whole  formation,  is  a  sulphu- 
leous  ejght-inch  coal.  The  best  coal  of  the  above  beds,  vsually 
presents  a  mixture  of  slate-coal  and  pitch-coal,  rarely  of  cannel* 
coal ;  none  of  it  possesses  the  quality  of  caking. 

Of  the  uumerous  beds  visible  in  this  colliery,  some  are  want- 
ing in  the  neighbouring  ones,  and  there  exbts  also  a  consider* 
able  difference  in  the  thicknesses  of  their  respective  beds. 

(c)    COAL-FIELDS  OF  CLEE  HILLS  AND 
BILLINGSLEY. 

(1)     CoaUJields  of  the  Clee  Hills. 

A  few  miles  south  from  the  preceding  coal-field,  rise  tho 
Brourn  Ciee  Hill  and  the  Titterstone  Glee  Hill,  the  former 
lying  three  or  four  miles  to  the  north  of  the  latter.  B^th  of 
these,  which  rank  among  the  most  considerable  mountfdns  oC 
Shropshire,  exhibit  coal-measures  towards  their  central  regions, 
the  highest  summits  being  formed  of  overlying  masses  of  basalt. 
It  is  to  be  regretted  that  we  are  not  yet  in  possession  of  any 
precise  account  of  the  relation  of  these  rocks  and  the  adjacent 
country.  The  following  notices  are  chiefly  extracted  from 
Tmcts  in  Natural  History,  by  Robert  Townson,  LLJ)» 

These  mpuntains  belong  to  the  flat  topped  hills,  but  are  very 
irregular  in  their  forms*    They  are  about  five  or  six  miles  in 
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lei^k,  alid  about  lialf  as  :much  in  breadth.  Th^j  resemble 
each  other  in  their  products ;  both  contain  coal  and  iroustmief 
which  in  bpth  are  in  some  parts  covered  bj  a  thick  bed  of 
biasalt;  aud  this  basalt  in  each  forms  two  irreguhir  ridges, 
higher  than  the  other  parts  of  the  hill.  They  farther  agree  in 
their  strata  dipping  all  round  from  their  circumference  to\their 
centre  like  the  sides  of  a  bowl.  But  they  differ  greatly  in  the 
quantity  of  coal  they  yield.  •  The  coal  in  the  Brown  Clee  Hill 
only  lies  in  thin  strata,  whilst  the  principal  stratum  in  the 
Titterstone  is  six  feet  thick.  Three  other  beds,  of  less  import- 
ance occur ;  cannel  coal  is  likewise  here  found.  On  this  hill, 
however,  there  are  six  different  coal-fields.  The  most  extensive 
and  valuable  is  the  Combrook ;  which  is  about  a  mile  long, 
and  half  a  mile  broad.  This,  is  generally  covered  by  basalt; 
and  has  four  coal-beds. .  The  Newberry  coal-field,  which  is  on 
the  south  end  of  the  hill,  is  about  half  a  mileJong,>  by  a^uar* 
ter  broad.  This  has  the  same  number  of  beds  with  the  pre- 
ceding, but  they  are  always  about  one-third  thicker :  the^basalt 
does  not  cover  the  coal  in  the  field,  nor  is  it  to  be  found  in  it* 
The  other  coal-fields,  which,  with  one  exception,  are  likewise 
nev0r  covered  by  basalt,  are  of  small  extent,  and  have  only  one 
stratum  of  coal,  from  18  inches  to  two  feet  and  a  half  thick,  or 
the  same  divided  in  two  by  a  thin  bed  of  clay.  The  Hill  Work 
coaUfield,  one  of  the  six,  lies  upon,  or  is  surrounded  by,  the 
Corabrook  coal-field ;  and  where  the  coal  in  the  latter  field 
is  cut  off  by  a  fault  in  the  neighbourhood  of  the  former,  the 
miners  in  worliHng  in  that  direction,  have  always  come  to 
basalt. 

All  these  little  coal-fields,  with  their  accompanying  strata, 
dip  ail  round  from  their  circumference  to  their  centres,  and  are 
to  be  considered,  not  as  parts  of  one  great  bowl,  but  as  so  many 
smidl  ones." 

•  It  may  be  observed,  with  regard  to  this  account,  that  it 
contains  some  apparent  inconsistencies ;  for,  in  the  first  place, 
each  hill  is  described,  as  forming  a  single  bowl  or  basin  (i.  e. 
arrangement  or  system  of  concave  strata),  and  afterwards  the 
Titterstoile  is  said  to  contain  no  less  than  six  independent  sys- 
tems of  this  kind.  Perhaps  the  greater  basin,  constituted  by 
the  whole  mass  of  the  hill  may  be  thus  subdivided,  by  its  strata 
pursuing  an  undulating  line,  instead  of  an  uniform  course* 
This  description  is,  however,  sufficiently  clear,  to  indicate  great 
derangement  in  the  stratification  of  this  hill.  Mr.  Bakewell 
a«$erts,  that  a  vast  basaltic  dyke,  more  than  one  hundred  yards 
wide,  intersects  the  hill,  ^  cutting  through  the  coal-measures,  a 
part  of  which  it  forces,  to  th,e  jsurface,  and  rising  from  an  un- 
known depth* ,  These  circumstattces  are  welLworthy  qf  ^notie^. 
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But  it  is  to  be  Regretted  that  the  exact  spot  where  the  ohs^- 
vation  was  made,  is  not  distinctly  recorded ;  for  where  faeti 
have  so  immediate  bearing  on  disputed  points  of  tbeoiy,  they 
cannot  be  too  rigorously  and  scrupulously  ascertained. 

We  hare  to  lament  also  the  absence  of  any  precise  aocounl 
of  the  substrata  on  which  the  coal -formation  of  the  Titterstone 
rests^  A  limestone,  however,  may  be  observed  at  Cainsham  on 
the  south-west,  and  Weton  on  the  north-west  foot  of  the  hilly 
which  agrees  with  the  carboniferous  rather  than  with  the  tran-' 
sition  variety;  it  may  be  inferred  perhaps  that  tliis  extends 
completely  under  and  round  the  bi^^  of  the  hill ;:  still  lower 
the  mountain  appears  to  be  skirted  by  old  red  sandstone^ 
which  probably  forms  the  base  of  this  limestone,  and  separates 
it  firom  the  transition  limestone  which  appears  on  the  west  neai< 
Ludlow ;  these  points,  however,  must  at  present  be  spoken  of 
with  much,  diffidence. 

Still  less  is  known  with  regard  to  the  structure  and  relatione 
c^  the  northern  or  brown  Clee  hill,  but  it  seems  probable  that 
it  exhibits  a  general  agreement  with  the  Titterstone.  Tbo 
whole  of  this  country  is  most  interesting,  and  the  public  may 
perhaps  soon  be  favoured  with  a  satisfoctory  description  of  it* 
from  the  accurate  pen  of  Mr.  Aikin. 


(5)     Coal'Jield  of  Billmgsley. 

Oa  the  «ast  of  the  Clee  hills,  and  between  them  and  the 
Severn,  another  poal-district  ranges  from  Dense  hill  and  Bil- 
lingsley  on  the  north,  to  the  borders  of  Shropshire  and  Wor- 
oestenihire  on  the  south,  a  length  of  about  eight  miles,  coal  being* 
worked  in  several  points  along  this  line ;  but  whether  this  tract 
consists  of  one  continuous  field,  or  several  smaller  ones,  wo^ 
have  no  precise  information.  Coid  is  also  worked  neairiOver 
Arley  on  the  Severn,  adjoining  this  tract  on  the  west ;  but  we* 
are  in  possession  of  no  particulars  relating  to  any  part  of  this^ 
district. 

Amygdaloid  with  calcareous  glands  also  occurs  near  Kinlet. 


(d)    COAL.F1ELDS  NEAR  THE  FOOT  OF  THE 
ABBERLEY  HILLS. 

At  Pensex  near  the  not th-west  foot  of  the  Abberley  hilts 
(which  consist  principally  6f  transition  limestone  capped  by<^ 
basaltic  peaks),  is  a  small  patch  (rather  than  field)  of  coal- 
mecmife  ^  i^  aoothei  about  three  miles  to  the  west;  but  thoi 
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r^latioBS  of  these  hate  not  j^t  been  clearly  ascertained  ;  tkey 
are  sttitftied  in  a  line  with  the  Biliingslej  coal-field  abovt 
described,  and  only  a  few  miles  distant. 


Section  III. 
Chreat  South-western  Coal  District. 

This  division  is  assumed  as  including  the  three  following 
principal 'coal-fields,  viz.  the  grand  South  Wekh  basin,  the 
forest  of  Dean  basin,  and  that  of  South  Gloucester  and  Somerset, 
together  wtths  ome  smaller  basins  adjacent  to  the  two  last,  which 
may  be  considered  (if  the  figure  may  be  allowed)  as  satelliteft 
atteiidanton  them. 

All  these  coal-basins  are  closely  related  and  connected  with 
each  other  by  contiguity  of  position,  by  resting  on  a  common 
base  of  old  red  sandstone,  and  by  the  general  analogies  of  their 
stracture  throughout :  their  strata  near  the  edges  of  the  basing 
are  often  very  highly  inclined,  and  are  partially  covered  and  con«> 
cealed  on  the  south-east  side  of  the  great  basin  of  South  Wales^ 
and  throughout  a  great  portion  of  that  of  South  Gloucester  and 
Somerset,  by  horizontal  depositions  of  more  recent  formation, 
consisting  of  the  calcareo-magnesian  conglomefate,  sandstone, 
and  marie  of  the  newer  sandstone  formation,  and  of  lias;  in  many 
instances  in  Somersetshire  the  shafts  are  begun  in  lias  and  sunk 
completely  through  the  newer  sandstone  to  the  c6al*measures. 
^rae-of  these  extend  to  the  enormous  depth  of  200  fathoms  ; 
^tiihi  ithe  Somersetshire  coal-field  even  the  lower  members  of 
th^  oi^te  series  appear  forming^  the  summits  of  DundiT'  tod 
other  hills,  the  coal-measures  being  exposed  and  worked  ih 
vallies  of  denudation  below ;  and  at  one  point  a  shaft  has 
been  driven  even  from  these  rocks  to  the  coal. 

In  the  very  important  and  extensive  coal  districts  comprised 
under  the  present  article,  the  several  members  which  have  been 
enumerated  in  the  beginning  of  our  observations  on  the  coal^ 
^elds  as  associated  in  them,  are  displayed  on  the  most  striking 
«nd  satisfactory  scale;  and  it  is  here  perhaps  that  their  re^ 
iations  may  be  m6st  advantageously  studied,  espedaHy  those  of 
the  older  red  sandstone,  its  distinction  from  the  newer,  and  the 
position  occupied  by  both  with  relation  to  the  coal :  here  also 
we  see  the  utter  impossibility  of  considering  them  in  the  light 
under  which  Mr.  Jameson  has  regarded  them  as  members  of 
one  great  formation,  with  which  beds  of  limestone  and  coal  are 
accidently  associated ;  since  here^  and  indeed  throughout  Eng<^ 
fond,  Ith^se  rocks-  ar^  entirely  unconformable  iu  their  position, 
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and  are  marked,  in  a  manner  yet  more  strong  perhaps  than  in 
any  other  instance  which  can  be  adduced ,  as  the  resists  *  of  « 
distant  and  different  order  of  causes.      •      /  * 

In  treating  of  thfs  district  we  shall  pursue  the  arrangement 
before  adopted  in  our  description  of  the  Penine  chain,  first 
giving  an  outline  of  the  principal  facts  relating  to  the  coal-for- 
mation in  the  several  basins,  and  then  tn  succession  of  the  mill- 
0tone-grit,  the  mouiiltain  lime,  and  the  old  Ved  sandstone. 


I.    COAL  BASIN  OF  SOUTH  WALES. 

First  then  as  most  important  we  may  enter  on  the  eoal  basin 
of  South  Wales. 

The  Great  CodUfield  of  South  Wales j  extending  fooia 
Fontipool  on  the  east  to  St.  Bride's  Bay^  south  of  St.  David's 
head,  on  the  west,  belongs  to  the  independ<snt  Coal-foiination ; 
and  is  situated  in  a  large  limestone  basin.  The  limestone  crops 
out  at  the  surface  all  round  the  coal,  except  where  its  continuity 
is  interrupted  by  Swansea  and  Caermarthen  bays.  The  deepest 
part  of  this  basin  is  in  the  neighbourhood  of  Neath,  which  is 
near  its  centre :  and  below  Neath,  or  a  little  to  the  west  of  it^ 
the  lowest  strata  of  coal  are  nearly  700  fathoms  lower,  than  the 
outcrop  of  some  of  the  superior  strata  in  the -more  hilly  parts  of 
this  district.  The  bed  of  coal  which  is  nearest  to  the  surface, 
lies,  (near  Neath)  about  60  fathoms  beneath  it,  and  rises  to  it 
about  a  mile  north  and  south,  and  also  a  few  mHes  east  and 
west  of  the  deepest  part  of  the  basin.  So  that  we  are  to 
imagine  the  inferior  beds  of  coal  rising  to  the  surface  all  round 
the  outcrop  of  the  superior  stratum,  and  between  it  and  the 
basset  edges  of  the  limestone  basin.  If  a  line  be  drawn  from 
Pontipool  on  the  east  to  St.  Bride's  bay  on  the  west,  it  may  be 
said  that  all  the  beds  of  coal  on  the  north  of  that  line  crop  out 
on  the  north  of  it,  at  distances  proportionate  to  their  depth 
beneath  the  surface :  so  also  those  on  the  south  of  it,  except 
near  Pontipool,  where  they  rise  towards  the  east. 

It  appears  however  that,  though  the  lowest  bed  of  coal  is  so 
far  beneath  the  greatest  elevations  of  this  district  as  near  700 
fathoms,  the  miner  finds  it  without  any  very  considerable 
descent :  for  the  whole  country  is  intersected  by  deep  valHeg 
in  a  north  and  south  direction,  whieh'  consequently  cut  the 
strata  of  the  coal.  The  miner  therefore,  taking  advantage  of 
this  circumstance,  drives  levels  into  the  hills,  and  there  finds 
the  beds  of  coal  and  ironstone ;  there  are  however  many  mines 
in  valUes  and  low  places. 

There  are  (according  toJMr.  Martia)  1%  beds  of  coal  frqaa 
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three  to' Bme  feet  thick,  making  together  70^  feet;  and  II 
others  from  18  Inches  to  three  feet,  no^duog  24|  feet;  together 
95  feet  of  workable  coal,  besides  numerous  other  beds  from 
six  to  18  inches  thick*  Bj  taking  the  average  length  and 
breaidth  of  the  Coal-field,  the  amount  is  about  100  square 
miles,  .containing  95  feet  of  coal  in  23  distinct- strata,  which 
will  produce  in  the  common  way  of  working,  100,000  tons 
per  acre,  or  64,000,000  tons  per  square  mile* 

The  coal  on  the  north-eastern  side  of  the  basin  is  ot  a 
coaking  quality,  on  the  north-western  it  is  what  is  termed 
stone-coal  (the  large  of  which  is  used  for  drying  malt  and  hops, 
and  the  small,  which  is  called  culm^  for  the  burning  of  lime- 
stone) ;  on  the  south  side,  from  Pontipool  to  Caermarthen  bay, 
the  Coal  is  principally  of  a  bituminous  or  binding  quality. 

Near  the  western  termination  of  the  basin,  beyond  Caer* 
martfaen  bay,  it  is  shallower,  so  that  the  beds  of  coal,  found  in 
the  deeper  parts,  are  not  found  there. 

The  lower  part  of  the  coal  series,  as  worked  at  Merthyr 
Tydvil  and  the  neighbouihood,  is  distinguished  by  the  predo- 
minance of  shale,  the  upper  by  the  predominance  of  a  coarse 
grit  of  loose  texture  abounding  with  specks  of  coaly  matter^ 
and  agreeing  with  the  rock  termed  Pennant  in  Somersetshire  ; 
thege  beds  are  often  schistose,  sometimes  sufficiently  so  to 
be  employed  as  tiles;  a  great  thickness  of  them  separates 
the  lower  from  what  may  be  called  the  upper  coal  series,  and 
it  is  of  this  rock  that  the  summits  of  all  the  principal  moun- 
tains in  the  interior  part  of  the  basin  consist ;  the  lower  series 
which  (from  the  more  perishable  nature  of  its  materials) 
forms  a  belt  of  rather  lower  ground  interposed  between  these 
mountains  and  the  edge  of  the  basin,  contains  numerous  strata 
of  coal  and  16  of  ironstone ;  the  ironstone  occurs  in  continuous 
beds  and  in  layers  of  detached  nodules ;  it  is  principally  found 
in  the  lower  series,  and  some  of  its  most  yaluable  beds  occur 
beneath  the  lowest  coal.  The  strata  alternating  with  the  coal 
and  ironstone  in  this  lower  series,  consist  almost  exclusively  of 
argillaceous  slate:  between  it  and  the  exterior  limestone, 
millstone  grit  is  ofteti,  but  not  universally  interposed.  The 
upper  coal  series,  which  forms  an  interior  ellipsis,  is  said  to 
contain  several  beds ;  but  the  accounts  hitherto  published  do 
not  sufficiently  distinguish  them  from  those  beneath  the  Pen- 
nant; 

The  inclination  of  the  strata  is  much  more  rapid  on  the  south 
edge  of  the  basin  than  on  the  north,  being  often  at  the  angle 
45^  ^r  upwards  on  the  former,  while  that  on  the  north  is 
generally  under  10^.  On  the  western  termination  of  the  basin 
in  Bride's  jSay,   tb^  strata  exhibit  the  most  extraordinary 
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^osakBofcoidvLsion  and  derangement,  being  Tertfcid  aad^  twisted 
into  pverj  possible  form  of  contortion. 

.  This  Coal-field  is  traversed  by  dykes  or  fmltsj  geaerallj^iQ 
a  north  and  south  direction,  which  throw  all  the  strata  from 
60  to  100  fathoms  np  or  down,  lliey  are  usually  filled  with 
ckj,  but  Mr.  Town^end  mentions  an  eQormoiis  fault,  jgmij 
fathoms  thick,  filled  with  fragments  of  the  disrupted  strata^ 
which  trayerses  the  collieries  of  Lansamletnear  Swansea,  effect* 
ing  a  rise  of  240  feet  in  the  strata. 


<2)     COAL  BASIN  OF  THE  FOREST  OF  DEAN. 

This  forms  an  irregular  elliptical  basin  occupying  th0  wM* 
(ji  tbe  forest  tract.  The  ipterior  portion  which  cont^i  tbe  coal 
measures  ranges  round  Coifoi4  ^  a  centre;,  the  kngeat 
diameter  from  north-north.-east  to  south-south-west^  being  abott 
ten  miles,  the  shorter  abput  ^k..  It  is  said  to  possess  seTenteea 
coal<4)eds,  which  together  contain  37  feet  in  thjcknessof  cle«t 
coal.  All  the  strata  dip  uniformly  towards  the  centre  of  th# 
|Kisin;  the  exterior  riches  of  mountain  lime  and  old  igedssHidi* 
stone  inclosing  the  coaj-measures,  are  prolonged  across  the 
Wy«  towards  the  west  and  form  a  mountain  tract  between  that 
jiTer  and  the  Usk  in  Monmouthshire,  the  whole  of  this  coof 
tract  constitutes  yejry  high  ground. 

On  the  north  of  the  forest  of  Dean  basin,  and  at  the  distance 
of  ^  few  miles,  is  another  small  coal-field  at  Newent ;  it  is  sw» 
rounded  and  concealed  by  overlying  itrato  of  the  newer  red 
sandstone,  and  its  relations  have  not  as  yet  be^i  distinctly 
ascertained. 

<3)    COAL  BASIN  OF  SOMERSETSHIRE  AND 
SOUTH  GLOUCESTERSHIRE. 

(a)  CoaUmeasureSp 

These  occupy  an  irregular  area  of  which  the  longest  diameter^ 
from  near  Iron  Acton  on  the  north  to  Coalford  at  the  foot  of 
the  Mendip  hills  on  the  south,  is  near  25  miles ;  the  shorter, 
from  the  Newton  Collieries  near  Bath  on  the  east  to  those  of 
Bedmiuster  near  Bristol  on  the  west,  about  11  miles;  the 
course  of  the  river  Avon  nearly  coincides  with  this  dia- 
meter, bisecting  the  coal-field  into  two  nearly  equal  portions  ; 
lon  the  north-east  and  west  the  strata  dip  distinctly  towards  the 
centre  of  the  basin,  but  at  Coleford  near  Mells  on  the  south, 
whar^  they  abut  gainst  the  Miiudip  hills  (the^calcaceoQS  strata 
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of  wbicli  are  there  nteily  verticsil)  the  stratificatioa  of  the 
iacBmbeiit  coa]«meaiures  is  much  deranged,  becoming  rertics^' 
and  frequently  thrown  backward,  and  bent  into  the  form  of  the 
letter  Z;  Much  undulation  of  the  coal  strata  also  prevails  i^ 
many  points  in  the  interior  of  the  basing  so  that  In  describing* 
the  general  arrang^nent  of  its  beds  as  constituting  a  single 
basin,  the  expression  must  be  construed  largely  and  applied  ter 
its  configuration  when  viewed  on  the  great  scale,  making^ 
allowance  for  much  of  local  irregularity.  On  the  east,  we^t^ 
and  south,-  the  coal-measures  are  general]y  covered  up  and 
concealed  by  the  more  recent  horizontal  strata  already  de- 
seribcx^.  leaving  «  few  tracts  only  denuded  and  exposed  to  the 
surface  :  of  these  the  most  extensive  reaches  from  Iron  Acton  ^ 
across  the  Avon  to  Brislington  on  the  south  of  that  river ; 
another  very  small  occurs  near  Newton  on  the  east  of  the  field, 
a  third  of  more  importance  in  the  vale  of  Pensford  on  the' 
south  loi  Dundry  hill,  a  fourth  near  Glutton,  and  a  fifth  at 
Coleford  at  the  south  extremity  of  (he  field;  but  numeroas 
shafts  are  stmk  through  the  overlying  strata,  some  even  from 
the  inferior  oolite  through  lias  to  the  coal-measures,  especially^ 
thraugbout  the  interval  which  separates  the  denudations  ol' 
Paisferd  and  Coleford.t 

.   .    ) 

*  The  following  is  a  section  of  the  coal-pit  which  is  most  interesting  in 

this  respect,  as  passing  throu|^h  the  greatest  number  of  formations;  it  it 

situated  on  the  brow  of  the  hill  about  three-quarters  of  a  mile  south-east 

of  the  village  of  Paulton,  and  belongs  to  Mr.  Hill. 

Fs.  T.  Ft.  In. 

Inferior  <x>lite 3  —  —  — • 

Lias  marie  and  lias,  as  detailed  in  the 

sections  ofthat  formation 2^    I     I    € 

Red  marie  and  sand 38  —  —  — 

jCalcareo-ma^estan  conglomerate 

called  millstone. 1— —  — 

All  these  strata  are  horizontal ;  the  foUowmg,  which  belong  to  the  coal- 
measures,  are  highly  inclined. 

Shale,  variable  in  thickness.  Fs.  Y.  Ft.  In. 

Great  vein  ...  * ....•«..«.•.. 24 

Shale  and  grit < 5  —  -^  — 

Little  vein... ,.... 1    8 

Shale  and  erit    ,    4 

Three  Coal-veins —    l—  — 

Shaleaodgrit -,- -^ 7  —  —  — . 

Middlevem ,  —  —    1    8 

Shale,  &c 12  —  —  — 

Sliving  vein 2    4 

Shale,  &c.  •-........ 7  — 

Little  vein  under • ^ 

SUving  ...*•... * -*  —    1    )^ 

Shale,*;c , 6  — « ^ 

Bull  vein 10  . 

8li«hj,&c. 2-^ 

Pea#vein , 18 
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^  The  irre^lar  undulations  of  the  strata  in  this  dittrict/  and 
their  concealment  through  extensive  tracts  by  overlying  de- 
positSy  present  formidable  obstacles  to  the  attempt  to  trace  the 
series  of  beds  which  constitute  this  coal-£eld ;  it  probably 
exhibits  between  fifty  and  sixty  coaUseams,  most  of  them  very 
thin,  hardly  any  exceed  one  yard,  or  could  be  profitably 
worked,  were  it  not  for  the  highly  improved  state  of  machinery. 
As  in  the  south  Welsh-field,  shale  predominates  in -the  lower, 
ai^d  the  Penant  grit  Rock  in  the  middle  part  of  the  series ;  the 
shale  beds  frequently  contain  beautiful  impressi<ms  of  feros  and 
muscle  shells. 

There  are  several  extensive  faults,  some  of  which  eldiate  the 
strata  more  than  one  hundred  feet. 

The  outer  edge  of  this  basin  consisits,  on  every  ^e  font  a 
small  portion  of  the  east  (where  the  horizontal  and  more  recent 
depositions  conceal  its  substrata)  of  more  or  less  elevated  ridges 
(hereafter  to  be  described)  of  carboniferous  limestone  and  old 
red  sandstone,  millstone-grit  being  occasionally  interposed. 
Round  Nailsea,  on  the  west  of  this  coal-fidd,  a  depression 
in  the  limestone  ridges  forming  its  border  on  that  side,  in- 
cludes a  smaller  attendant  coal  basin  about  four  miles  long  and 
one  and  a  half  broad;  here  ten  seams  of  coal'  have  beett  dis- 
covered. 

ib)    Millstone  Grit. 

A  conglomerate  and  coarse  grit  of  this  formation  may  be 
traced  in  the  South  Welsh  coal-field,  near  Merthyr,  and  the 
head  of  the  Neath  valley,  on  the  north  of  the  South  Welsh 
coal-field;  and  near  Bridgend  and  Caerphilly  on  the  south 
interposed  between  the  coal-measures  and  subjacent  lime. 
Iiji  the  forest  of  Dean  it  has  not  yet  been  described.  In  the 
Gloucester  and  Somerset  basin,  beds  of  conglomerate  in  a  hard 
compact  cherty  sandstone,  often  highly  ferruginous,  occupy  a 
similar  position ;  these  maybe  seen  on  the  west  of  the  coal- 
field at  Brandon  hill  close  to  Bristol,  and  lying  upon  the  lime- 
stone on  both  sides  the  gorge  at  Clifton,  at  the  eastern  ex- 
tremity of  the  field  resting  upon  the  limestone  in  the  defile  of 
Wick  Rocks;  at  the  northern  near  Croomhall,  and  at  the 
southern  near  Coleford. 

(b)    Carboniferous  Limestone. 

Strata  of  this  rock,  closely  agreeing  in  all  their  charac- 
ters and  contents  with  those  of  Derbyshire,  circle  round  all 
these  coal-fields ;  itji  average  thickness  cannot  fall  short  of 
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500  or  600  feet,  and  it  seems  tolerably  uniform  in  this  respeet. 

The,  course  of  this  rock  round  the  South  Welsh  basin  has 
been  sufficiently  defined  in  treating  of  the  limits  of  the  basin 
itself;  it  forms  a  zone  varying  from  two  miles  to  a  furlong  in 
breadth,  according  as  the  position  of  the  beds  approaches  io 
an  horizontal  or  vertical  position ;  to  the  west  of  JMilford-haven 
however  these  limestone  beds  seem  generally  cut  off,  the  lime- 
stone rests  throughout  on  old  red  sandstone ;  on  its  southern 
line  it  throws  oif  several  branches  which  diverge  more  or  less 
from  the  maja  chain,  or  sometimes  accompany  it  in  nearly 
parallel  lines ;  thus  the  peninsula  of  Pembroke  exhibits  bet^^en 
the  eoal-field  and  the  sea  no  less  than  three  parallel  zones  of 
limestone  separated  by  two  ridges  of  old  red  sandstone,  the 
limestone  lying  in  troughs  between  them.  Caldy  Island,  near 
Tenby,  exhibits  magnifioent  sections  of  the  middle  limestone 
zone,  and  the  sandstone  on  which  it  rests,  the  strata  being 
almost  vertical ;  the  peninsula  of  Gower  (between  Carmartbeu 
and  Swansea  bay)  has  a  central  ridge  of  old  sandstone  with 
parallel  zones  of  limestone  resting  on  either  side,  and  the  south- 
east of  Glamorganshire  exhibits  a  similar  arrangement,  with 
the  exception  that  here  the  sandstone,  which  is  traversed  by 
the  vale  of  Ely,  is  often  concealed  by  more  recent  horizontal 
deposits  of  calcareo-magnesian  conglomerates,  new  red.  sand- 
stone and  lias,  which  fqrmations  also  rest  on  the  back  of  the 
most  southerly  zone  of  carboniferous  lime  along  the  coast  from 
the  mouth  of  the  River  Ogmore  to  the  Taafe.- 
,  The  carboniferous  limestone  of  the  forest  of  Dean  forms  a 
zone  encircling,  and  dipping  beneath,  the  coal-basin  of  thst 
forest  as  before  described;  thence  it  crosses  the  Wye  near 
Tint^rn  Abbey,  iind  is  prolonged  on  the  west  as  far  as  Penhow 
pastle,  about  seven  miles  distant.  Its  beds  rest  on  the  old  red 
sandstone.  It.  presents  the  usual  fossils  and  minerals ;  and  hi 
some  of  its  beds  ferruginous  ores,  accompanied  by  brown  spar 
and  pearl  spar,  are.  worked* 

The  carboniferous  limestone  surrounding  what  we  have  termed 
the  Somer3etshire  and  South  Gloucester  coaUfield,  presents 
more  complicated  details.  On  the  south  it  appears  in  the  long 
ridge  of  the  Mendip  hills,  extending  from  Mells  to  the  Bristol 
channel,  with  a  line  of  bearing  from  east-south-east  to  west- 
north-west.  This  chain  consists  of  a  central  axis  of  old  red 
sandstone,  flanked  on  its  opposite  declivities  by  parallel  ban^ 
of  mountain  limestone,  dipping  from  it  in  opposite  directions  in 
angles  varying  from  30°  to  70"*.  This  central  axis  is  not  how- 
ever visible  throughout  Its  whole  course,  being  occasionally  en- 
tirely over^arched,  and  concealed  by  the  calcareous  strata ;  b»M: 
it  appears  in  four  ridges^  fornung  the  most  elevated  points  of 
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the  chaki,  and  disposed  nearly  at  equal  distances  through  its 
length.  The  cavern  of  Wokey  hole,*  and  the  defile  of  Cheddar 
diffs,  with  its  long  line  of  stupendous  mural  precipices,  certainly 
among  the  most  magnificent  objects  of  this  kind  in  Britain,  are 
the  well-known  features  of  this  chain. 

The  western  calcareous  boundary  of  this  coal-field  is  not 
formed  by  a  single  continuous  ridge,  but  by  a  series  of  succes- 
8i¥e  elevations  emerging  from  the  plain  of  the  mere  recent  hori-' 
zontal  strata.  Of  these,  the  first  in  proceeding  from  the  south 
(where  the  Mendip  chain  ends)  to  the  north,  is  Broadfield 
down,  a  calcareous  mass  about  three  miles  long ;  its  strata  dip 
every  way  from  the  centre ;  it  presents  the  precipitous  defiles  of 
Cleve  and  Brockley  Combes;  which,  though  greatly  inferior  in 
naagnificence  ijo  Cheddar,  yet  derive  from  their  luxuriant  woods 
a  contrasted  character  of  beauty  which  is  there  absent.  Broad- 
field  down  approaches  within  two  miles  of  the  Mendips ;  it  is 
succeeded  on  the  north,  after  an  interval  of  half  a  mile  only  in 
the  narrowest  part,  by  Leigh  down;  but  as  the  calcareous  chains 
rapidly  recede  from  each  other,  the  interval  quickly  increases, 
and  in  the  depression  between  these  chains  lies  the  little  basin 
of  the  Nailsea  coal-field. 

Leigh  Down  extends  in  a  north-east  direction  to  the  rivei* 
Avon  below  Bristol,  and  is  prolonged  on  the  opposite  side  of 
that  river  (which  here  flows  through  that  narrow  and  precipitous 
gorge,  well  known  by  the  name  of  St.  Vincent's  rocks)  by 
Durdham  down  ta  Westbury.  The  gorge  of  the  river,  lined  2^ 
it  is  by  an  almost  uninterrupted  succession  of  mural  precipices, 
affords  an  unrivalled  opportunity  of  studying  the  various  beds 
of  this  formation,  which  are  here  elevated  in  an  angle  of  45*"  U> 
the  north.  More  than  200  of  these  beds  are  enumerated  in  the 
5th  volume  of  the  Geological  Transactions  by  Mr.  Cumberland* 

This  calcareous  series  rests  on  Conformable  beds  of  old  red 
sandstone,  which  may  be  seen  on  both  sides  the  river  neai* 
Cook's  folly,  extending  on  the  south  under  Leigh  down  and 
Weston  down,  a  calcareous  hill  skirting  the  channel  below 
Portishead  point,  and  apparently  thrown  forward  beyond  the 
general  line  of  Leigh  down  by  an  enormous  fault.  On  the  north 
of  the  river  this  old  red  sandstone  extends  towards  Westbury, 
but  is  much  covered  up  and  concealed  by  the  more  recent  hori* 
zontal  deposits  of  the  newer  sandstone  and  magnesian  conglo-^ 
roerates,  resting  on  the  truncated  edges  of  its  inclined  strata,  ai 
is  also  the  case  at  Portishead  point  above-mentioned.     Front 

*  This  cavern,  however,  18  not  situated  in  the  carboniferotM  Kmestone^ 
bat  in  the  calcareo-magnesian  Gonglomeratet,  here  abutting  against  the 
chain. 
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Westbniy  the  carboniferous  limestone  mantles  round  tfiis  older 
sandstone,  extending  hj  Blaze  castle  (where  another  of.  those 
abrupt  dells,  which  form  so  beautiful  a  characteristic  of  this 
formation,  occurs)  to  King's  Weston  park.  Thus  the  disposition 
of  the  ground  immediately  oh  the  north  of  the  Avon  resembles 
that  of  the  M endips ;  exhibiting  a  central  nucleus  of  old  red 
sandstone,  skirted  on  either  side  bj  the  strata  of  carboniferous 
limestone,  dipping  from  it  to  the  north-west  and  to  the  south'^ 
east.  Near  Blaze  castle  the  strata  are  almost  vertical :  on  the 
north  of  Westbury  these  calcareous  ridges  subside,  and  are 
concealed  by  the  new  sandstone  and  lias :  the  carboniferous 
limestone  emerges  again,  however,  after  an  interval  of  about 
three  miles,  near  Almondsbury,  and  continues  to  form  without 
further  interruption  the  remainder  of  the  western,  and  by  the 
inflection  of  its  course  the  whole  of  the  northern  and  the  north 
part  of  tiie  eastern  boundary  of  our  coal-fleld ;  ranging  by 
Thombury  to  Tortworth  its  most  northern  point,  and  thence 
trending  southwards  to  Wickwar  and  Chipping  Sodbury.  On 
the  north-western  edge  of  this  calcareous  chain,  the  old  red 
sandstone  may  be  traced  underlying  its  strata ;  beneath  which 
the  yet  more  ancient  beds  of  transition  limestone  may  be  seen 
in  the  same  vicinity.  Near  Tortworth  two  parallel  dykes  of 
trap  (an  amygdaloid  with  calcareous  nests)  traverse  these  latter 
rocks,  and  produce  some  remarkable  changes  in  them.  On 
the  east  the  horizontd  strata  of  lias,  &c.  which  (indeed  through- 
out this  tract  occasion  much  embarrassment  to  the  observer,  by 
partially  concealing  its  structure,)  approach  to  close  contact 
with  the  calcareous  ridge,  and  finally  entirely  overlie  it  at 
Sodbury,  overflowing,  as  it  were,  into  the  area  of  the  coal-field  ; 
and  no  extended  ridge  of  carboniferous  limestone  can  be  traced 
through  the  remainder  of  the  eastern  boundary  of  that  area, 
till  we  arrive  at  its  south  extremity,  and  the  Mendip  hillsi 
Occasional  and  short  protrusions  of  this  rock,  however,  appear 
in  several  points  along  this  line ;  at  Wapley,  at  the  romantic 
defile  of  Wick  rocks,  and  at  Tracey  park,  and  thus  continue 
to  indicate  its  extension  beneath  the  superstrata  which  conceal 
it  on  the  surface. 

The  usual  minerals  of  the  limestone  tract  bounding  this  cOal- 
basin,  are  galena,  blende,  calamine,  sulphate  of  barytes,  &c., 
and  its  organic  remains  agree  with  those  of  the  other  carbonifer- 
ous limestone  tracts ;  but  among  the  former,  sulphate  of  strontiaii 
may  be  mentioned,  which,  though  found  in  Gloucestershire,  is 
elsewhere  of  rare  occurrence  in  this  rock ;  and  among  the  latter, 
the  palates  of  fishes  found  in  St.  Vincent's  rocks,  of  which  no 
Other  example  has  yet  been  noticed. 
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(d)    OLD  RED  SANDSTONE  OF  THE  SOUTH- 
WESTERN COAL-DISTRICT. 

It  is  in  the  districts  connected  viththe  coal-basins^  which 
form  the  subject  of  the  present  chapter,  that  this  formation  is 
exhibited  on  the  largest  scale.  Hitherto  we  have  only  seen  it 
constituting  a  few  not  very  important  beds  towards  the  base  of 
the  Penine  chain,  but  shall  now  survey  it  as  exclusively  consti- 
tuting lofty  and  extensive  mountain  groups,  and  occupying  en- 
tire counties.  . 

In  this  quarter,  then,  the  old  red  sandstone  constitutes  the 
common  base  on  which  all  the  coal-fields  above  described  rest, 
thus  connecting  them  into  one  whole  ;  and  together  with  those 
coal-districts  forms  the  external  chains  which  border  on  the 
south  and  ea^t  the  transition  mountains  of  South  Wales.  We 
may  trace  it  from  the  borders  of  Shropshire  and  Staffordshire 
near  the  Clee  hills,  sweeping  across  Herefordshire  of  which  it 
occupies  nearly  the  whole,  with  the  exception  of  a  ridge  of 
transition  limestone  which,  rising  in  arched  strata,  emerges  from 
beneath  the  sandstone  near  Shucknell  in  the  south-east  of  that 
county,  extending  to  Longhope  near  Mitchel  Dean  in  Glouces-, 
tershire;  this  ridge  creates  an  undulation  in  the  sandstone 
dividing  it  into  two  troughs,  that  on  the  east  lying  between  this 
interposed  ridge  of  transition  limestone,  and  that  of  similar 
formation  which  forms  on  the  borders  of  Worcestershire  the 
Abberley  hills,  and  the  western  slope  of  the  Malvein  group^ 
against  which  the  beds  of  this  sandstone  crop  out. 

This  great  tract  of  old  red  sandstone  has  its  western  boundary 
against  the  transition  chains  of  South  Shropshire  and  the  western 
confines  of  Herefordshire,  following  nearly  the  course  of  the 
rivers  Corve  in  the  former,  and  Arrow  in  the  latter  county. 

From  the  south-west  of  Herefordshire,  the  old  red  sandstone 
is  prolonged  on  either  side  of  the  vale  of  the  Usk,  through 
Brecknockshire,  forming  the  lofty  mountains  called  the  Beacons 
of  Brecon  on  the  south  of  that  river;  and  those  connected 
with  Trecastle  beacon  on  the  north ;  the  beds  on  the  south  dip 
beneath  the  calcareous  border  of  the  great  coal-basin,  which 
here  follows  a  line  nearly  coinciding  with  the  confines  of 
Brecon  and  Glamorganshire ;  and  those  on  the  north  rise  against 
the  subjacent  traosition  rocks  of  the  Eppynt  hills. 

This  sandstone  tract  narrows  in  its  progress  through  Brecon, 
being  more  than  twenty  miles  across  from  north  to  south  near 
Abergavenny  on  the  east,  and  not  above  two  or  three  near 
Castle  Carreg  Cennen  on .  the  west.  This  difference  arises 
partly  from  the  higher  inclination  of  the  beds,  and  partly  from 
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tke  thidning  off  of  the  formation;  in  the  latter  direction  from 
CarregCennen  the.  sandstone  continues  to  form  only  a  narrow 
zone  ranging  to  the  west  through  Caermarthenshire  by  Laug- 
harne  and  Narbeth  into  Pembrokeshire,  but  it  is  not  to  be 
traced  beyond  Haverford  West  on  this  line  (that  is  on  the 
north  of  the  coal  which  in  that  quarter  rests  on  gray  wacke,) 
although  it  still  extensively  appears  on  the  south :  an  instance 
of  unconformable  position  in  the  coal,  as  compared  with  the 
outgoings  of  this  rock. 

We  have  thus  traced  the  extension  of  this  sandstone  from 
the  great  Herefordshire  district  along  the  northern  border  of 
the  ^uth  Welsh  coal  basin:  let  us  next  pursue  its  course  in 
returning  eastwards  along  the  southern  edge  of  that  basin. 

On  the  south-west  of  Pembrokeshire  it  occupies  all  the 
peninsula  between  the  termination  of  coal  in  the  south  of 
Brides  Bay,  near  Littlehaven  and  Milford  haven:  there  is 
however  a  range  of  trap  rocks,  associated  with  greywacke, 
interposed  between  the  coal  and  this  sandstone.  We  have 
before  observed  that  the  coal  and  sandstone  were  in  this  quarter 
unconformable ;  the  former  having  passed  beyond  the  boundary 
of  the  latter,  so  as  to  become  immediately  incumbent  on 
transition  rocks. 

The  peninsula  of  Pembroke,  as  it  may  be  called,  (between 
Milford  Haven  and  the  sea  on  the  south,)  presents  (from  the 
undulation  of  the  strata)  a  double  ridge  of  sandstone  hills,  on 
eithei'  side  of  which,  and  in  the  intermediate  valley,  rest  the 
ipCumbent  beds  of  carboniferous  limestone. 


a  a  Old  red  sandstone,  b,  Greywack^  and  trap  rocks  confusedly  mixed, 
es  e  c.  Limestone,    d.  Old  red  sandstone  &  Greywack^.    e.  Coal-formation. 

The  above  section  will  convey  a  clearer  idea  than  can  be 
given  by  description  of  the  phenomena  of  this  district. 

The  deep  indentation  of  Caermarthen  Bay  cuts  entirely 
through  the  south  Welsh  coal-basin,  and  of  course  conceals 
its  exterior  chains  on  the  south. 

On  the  east  of  that  bay,  they  reappear  in  the  peninsula  of 
Gower,  presenting  a  central  ridge  of  old  red  sandstone  in 
arched  strata,  rising  into  considerable  hills,  flanked  on  the 
north  and  south  by  the  incumbent  limestone. 
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Swansea  bay  again  ctits  off  these  cliains  for  a  considerable 
interral;  beyond  which  on  the  east  they  are  resumed  in  the 
south  of  Olamorgdnshire.  On  this  side,  howerer,  the  limestone 
alone  is  at  first  seen  (the  subjacent  sandstone  not  nsing  to  the 
surface)  until  we  arrive  at  the  head  of  the  river  Ely  near 
Hensol  Park^  where  the  old  red  sandstone  a^in  emerges^ 
forming  the  outer  and  lower  chain  of  the  inountsdns  into 
which  the  coal-basin  here  swelk.  This  sandstone  is  probably 
the  fundamental  rock  throughout  the  vale  of  EUy,  but  it  is 
concealed  by  overlying  deposits  of  the  newer  sandstone  and 
lias;  nor  does  it  appear  in  any  great  quantity  till  the  rivei* 
iWe  is  crossed.  Beyond  this  river  it  stretches  through 
Monmouthshire,  circling  round  the  east  end  of  the  south 
Welsh  coal-basin,  and  (with  the  exception  of  a  small  tract  near 
Uske  which  exhibits  the  subjacent  transition  limestone,)  oc- 
cupying the  whole  interval  between  this  and  the  corresponding 
coal-basin  of  the  forest  of  Dean;  on  the  north  of  Which  it 
rejoins  the  great  Herefordshire  sandstone  district  which  we 
have  before  traced,  being  here  interposed  between  the  carbo* 
Biferous  limestone  of  that  field,  and  the  transition  limestone 
chain  of  Mayhiil.  The  old  red  sandstone  circles  round  the 
eastern  edge  of  the  forest  of  Dean,  approaching  within  half  a 
mile  of  the  Severn,  but  touching  it  only  in  one  point.  Over- 
lying beds  of  newer  red  sandstone  abut  against  it  in  this 
direction. 

We  have  lastly  to  trace  this  rock  in  the  exterior  chains  of 
the  Somerset  and  South  Gloucester  coal-basin.  It  may  be 
traced  round  the  northern  apex  of  this  field,  emerging  in  the 
escarpment  of  the  hills  of  carboniferous  lime,  from  Sodbury  on 
the  east  to  Thombury  on  the  west;  and  it  here  also  separates 
that  limestone  from  the  calcareous  beds  of  the  transition  suite. 
It  is  here,  however,  much  obscured  by  overlying  deposits  of 
calcareo-magnesian  breccia. 

Again,  the  same  rock  is  to  be  traced  on  the  west  of  the 
limestone  ridges,  forming  the  well  known  defile  of  the  river 
Avon  below  Clifton,  but  similarly  obscured ;  and  in  the  pro- 
longation of  the  exterior  ridges  of  this  coal-field  on  the  westi 
this  sandstone  may  be  traced  along  the  coast  of  the  sestuary  of 
the  Severn,  emerging  from  the  carboniferous  limestone  from 
Portishead  point  to  Clevedon. 

Lastly,  the  Mendip  hills  (the  southern  boundary  of  this  coal- 
field) exhibit  an  axis  of  this  sandstone  which  emeiges  from 
beneath  their  calcareous  strata,  not  in  a  continuous  line  indieed^ 
but  so  as  to  form  all  their  most  elevated  summits;  namely^ 
Black  down,  Nine  barrow  down,  i^en  hill  and  Maseberry 
beacon.  . 
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CHAPTER  V. 

TRAP  ROCKS  OCCURRING  IN  ASSOCIATION  WITH 
THE  COAL-MEASURES. 

•  It  is  our  intention  to  present  in  this  article  a  combined  Tiew 
of  the  phoBnomena  exhibited  by  this  class  of  rocks,  as  they 
occur  in  the  English  coal-fields ;  phenomena  it  is  well  known, 
of  the  highest  interest  and  importance  to  the  theoretical  geolo- 
gist. Although  the  plan  we  have  prescribed  excludes  all 
imnecessary  discussion  of  theoretical  Yiews,  yet  the  generaliza* 
tion  of  scattered  facts  which  we  propose  to  give,  cannot  fail  to' 
extend  and  to  render  more  solid,  the  true  basis  of  theory :  and 
we  shall  also  find  it  necessary  to  depart,  in  some  measure,  from 
the  rigour  of  our  own  laws,  in  order  to  illustrate  the  bearings 
of  the  factp  we  record. 

It  is  to  be  observed,  as  a  general  fact,  in  the  first  place,  that 
the  coal-fields  afford  the  first  instance  in  descending  the  series, 
in  which  any  of  the  great  formations  of  England  appear  to  be 
strikingly  connected  with  rocks  of  this  family;  few,  or  no 
traces  of  them  being  visible  in  the  districts  occupied  by  the 
strata  of  more  recent  origin,  with  the  exception  of  the  beds  of 
amygdaloidal  trap  said  to  occur  in  the  new  red  sandstone  near 
Exeter,  and  already  described  under  that  article ;  and  of  the 
prolongation  of  a  basaltic  dyke  .near  Cleaveland,  extending 
from  the  coal  across  the  oolitic  chains. 

Although  so  generally  limited  in  occurrence  to  the  coal- 
districts,  it  would  be  hasty  to  infer  that  these  trap  rocks  are 
of  contemporaneous  origin  with  the  other  members  of  the  coal 
series.  The  trap  occurring  in  the  dykes  which  intersect  the 
coal-measures,  must  obviously  be  of  posterior  origin ;  and  the 
single  instance  of  the  Cleveland  dyke,  is  sufficient  to  prove 
that,  sometimes  at  least,  the  difference  of  age  is  very  consider- 
able. When  the  trap  occurs  in  overlying  masses,  of  course  no 
certain  inference  as  to  age  can  be  drawn ;  excepting  that  it  is 
more  recent  than  the  rocks  which  it  overlies ;  and  the  only 
case  in  which  a  probable  inference  of  contemporaneous  origin 
can  be  drawn,  is  when,  the  coal-measures  regularly  alternate 
with  conformable  strata  of  trap.  Even  here,  also,  as  we  shall 
soon  have  occasion  to  perceive,  the  appearance  of  alternation  is 
frequently  only  partial  and  delusive ;  and  the  inference,  there« 
fore,  defective,  if  not  erroneous. 
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In  Scotland,  where,  on  the  mainland,  the  same  seeming 
connexion  as  in  England  may  be  traced  between  the  trap  rocks 
and  the  coal  districts,  Dr.  Mac  Culloch  has  shewn,  that  in  the 
Western  Islands,  the  very  same  varieties  of  trap  occupy  a 
position  superior  to  the  lias;  and  if  we  pass  thence  to  the 
opposite  coast  of  Ireland,  between  which  countries  a  perfect 
geological  analogy  subsists,  we  find  the  trap  overlying  chalk.* 

Whether  in  all  these  instances,  the  trap  rocks  be  the  pro- 
duction of  a  single  epoch,  overlying  indifferently  all  the  anterior 
formations,  or  whether  they  should  be  consid^recl  a3  instiinces 
of  the  repeated  and  recurrent  production.  Qf  analagous  roeks  in 
successive  periods,  contempotanisously  with  the  formations  near 
which  they  occur,  is  a  question  which  it  is  foreign  to^  the 
purpose  of  the  present  work  to  discuss. 

Before  we  enter  into  a  particular  detail  of  the  local  phosnp- 
mena  presented  by  our  trap  rocks,  we  shall  premise  some 
general  remarks:  1st.  On  their  mineralogical  character  and 
varieties.  2dly.  On  the  modes  of  their  arrangement  and  con- 
nexion with  the  rocks  ampng  which  they  occur.  And  3rdly, 
On  the  changes  occasionally  produced  in  these  rocks,  near  the 
points*  of  contact. 

.  (o)  Mineralogical  character.  The  rocks  of  this  family  ap- 
pear to  consist  essentially  of  felspar,  combined  either  with 
hornblende  or  augite,  or  both.  Where  the  hornblende  predo- 
minates, they  are  referable  to  the  class  of  greenstones*  Where 
the  augite  prevails,  they  fall  into,  the  new  class  of  dolerite, 
formed  by  the  French  geologists  for  the  purpose  of  receiving 
these  compounds,  which  were  formerly,  from  neglecting  to 
distinguish  the  characteristic  mineral,  confounded  with  the 
greenstones.  The  term  augite  rock,  is  similarly  employed  by 
Dr.  IV] ac  Culloch ;  and  as  being  already  naturalized  in  our  lan- 
guage, will  be  retained  in  these  outlines. 

The  structure  of  these  compounds  varies  from  the  granitoidal, 
in  which  the  constituents  are  distinctly  crystallized,  to  the  gra- 
nular, and  lastly  the  compact,  in  which  every  trace  of  distinct 
grains  vanishes,  and  the  whole  assumes  the  aspect  of  an  homo- 
geneous paste.  In  the  granitoidal  varieties,  it  is  easy  to  recognise 
the  distinct  characters  of  the  greenstone  and  augite  rock.  But  in 
the  more  finely  grained  varieties,  this  is  often  nearly  impossible  ; 
for  the  form  of  the  crystals  being  obliterated,  and  chemical  auto- 
lysis affording  no  sufficient  means  of  discriminating  between 
hornblende  and  augite,  more  especially,  as  parts  of  a  compound 

*  Trap  rocks  also  occur  in  Ireland,  associated  with  tlie  limestone, 
underlying  the  coal-formation  in  all  the  modes  described  as  prevailing  in 
England.  Mr.  Weaver  has  given  a  most  able  and  interestiDg  description 
of  the«e. 
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rokrk,  an  obscurity  almost  hopeless  involves  formations  of  this 
class.  Thus,  in  those  rocks  of  a  finely  granular  texture^  to 
which  the  term  basalt  is  applied,'  the  precise  determination  of 
the  constituent  principles  is  a  matter  of  the  greatest  difficulty* 
Since  the  augite  rock  is  often  seen  to  pass  by  insensible  grada- 
tions into  well  characterized  basalt,  many  continental  geologists 
define  it  as  having  for  constituent  principles,  felspar,  augite^ 
and  oxidulous  iron,  occasionally  blended  with  olivine,  horn- 
blende, &c.  or  even  as  complete  augite :  yet  a  considerable 
portion  of  the  rocks  to  which  this  term  has  been  applied  in 
England,  appear  to  consist  principally  of  hornblende,  as  their 
characteristic  ingredient,  although  they  often  also  contain  im- 
bedded crystals  of  augite.  Besides  the  inherent  difficulty  of 
the  subject,  it  is  to  be  regretted  that  little  attention  has  been 
paid  by  our  English  geologists  with  the  exception  of  Dn  Mac 
CuUoch,  to  the  precise  determination  of  the  mineralogical  cha- 
racters of  these  rocks :  we  are  therefore  not  able  at  present  to 
speak  without  great  hesitation  cobcerning  them ;  and  shall  re- 
gard ourselves  as  fortunate,  if  these  observations  may  have  any 
effect  in  directing  enquiry  to  this  point. 

The  most  usual  characters  of  the  basaltic  rocks  of  England, 
are,  an  iron-grey  colour  approaching  to  black ;  a  considerable 
tenacity  and' hardness,  a  sharp  and  sometimes  con choidal  frac- 
ture, a  granular  aspect  often  reflecting  light  from  a  number  of 
brilliant  spots  or  striae,  some  of  which  seem  to  be  felspar,  others 
hornblende  or  augite;  very  liable  to  superficial  decomposition, 
in  which  case,  the  colour  passes  from  the  further  oxydation  of 
the  contained  iron,  to  a  rusty  brown,  often  mingled  with  spots 
of  green,  arising  apparently  from  the  grains  of  hornblende. 
Often  this  decomposition  penetrates  to  a  considerable  depth  and 
distance  into  the  mass  of  these  rocks ;  in  which  case  numerous 
spherical  masses,  interspersed  throughout  the  mouldering  mass, 
occur;  having  a  nucleus  of  unaltered  or  less  altered  basalt, 
surrounded  by  concentric  coats  in  successive  stages  of  disinte- 
gration. These  rocks  are  fusible  at  a  low  degree  of  heat;  and 
attract  the  needle  strongly  iti  consequence  of  the  low  state  of 
oxydation  of  the  iron  which  they  contain.  The  specific  gravity- 
of  the  basalt  of  Staffordshire  is  ^.86;  and  on  the  analysis  of 
100  parts  by  Dr.  Withering,  yielded  sileX  47.5,  alumine  32.5, 
oxyd  of  iron  20.'  From  the  less  perfect  state  of  chemical  ana^ 
lysis  at  that  time,  the  soda  probably  contained  in  it  escaped  ob« 
servation. 

Besides  the  distinctly  crystallized  varieties  of  trap,  at  green- 
stone and  augite  rock,  and  the  gramilar,  as  basalt,  two  other 
species  occur ;  one  merely  arising  from  variety  of  texture,  behif 
a  porphyrc4dal  trap^  formed  by  crystals  ef  felspar  disseminate^ 
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tbrotigh  a  part«>  retembl&ig  a  compact  basalt.  This  nay  bt 
Kimetiflies  seen  ia  Derbyshire,  but  is  not  commoi]. 

The  fourth  species,  which  is  of  verj  commoa  occurrence,  is 
anygdaloidal  trap,  or  toadstona :  this  is  formed  by  a  v^sicidar 
paste,  apparently  eonsistang  of  a  fine-grained  basalt  of  a  looser 
and  more  earthy  texture^  the  carities  being  filled  with  drusy 
geodes  of  calcareous  spar  or  green  earthy  and  more  rarely  zeo* 
lite,  chalcedony,  &c.  ALL  these  yarieties  of  trap  usually  are 
associated  with,  and  pass  into,  each  other. 

(b)  Mineral  contents*  These  are,  1.  Crystals  of  hornblende  ; 
these  are  common.  2.  Crystals  of  angite  :  these  are  more  rare, 
but  are  not  uncommon  in  the  basalt  of  Teesdale,  and  have  been 
fmind  in  the  toadstone  of  Derbyshire.  3.  Olivine,  found  at 
Teesdale.  4.  Green  earth,  common  in  the  Derby ^ire  toad- 
stone.  5.  Calcareous  spar,  in  the  toadstone,  passim.  6.  Quartz, 
in  Derbyshire  toadstone,  and  in  Northumberland.  7.  Chalce- 
dony and  onyx,  ibidem.  8.  Jasper,  ibidem.  9w  Prehnite,  in 
the  basalt  of  Stafiordshire.  IQ.  Mesotype,  ibidem,  and  in  Der- 
byshire.    11.  Adularia,^  in  Northumberland. 

It  must  be  remarked  however,  that  the  zeolitic  minerals  are 
of  much  rarer  occurrence  in  the  Englbh  trap  rocks,  than  in 
those  of  most  other  countries. 

Where  the  traps  alternate,  at  in  Derbyshire,  with  others  con- 
tainnig  metalliferoas  veins,  they  usually  intercept  those  vetna; 
so  diat  with  the  exception  of  the  oxidulous  iron,  and  a  few 
crystals  of  wm  pyrites,  (which  are  rare)  no  minerals  of  tl^ 
class  are  found  in  them. 

•  (c)  Organic  remains*  No  organic  remains,  either  mineral, 
or  vegetable,  have  yet  been  found  in  any  rock  of  this  class  in 
Engird.  Mr.  Weaver,  however,  mentions  that  he  has  dis« 
covered  shells  of  the  Terebratula  in  the  greenstone  associated 
with  the  carboniferous  limestone  of  the  centre  of  Ireland,  and 
exactly  corresponding  in  all  its  relations,  with  the  trap  rocks 
we  are  now  describing.  With  every  deference  to  the  autho* 
rity  of  this  writer,  which  justly  deserves  ta  be  placed  in  the 
highest  classy  it  must  still  be  observed,  that  a  fact  hitherto 
of  single  occurrence,  must  necessarily  be  received  with  some 
caution;  and  that  aome  possible  source  of  error  may  be  still 
suspected,  either  as  to  the  nature  of  the  supposed  remains,  or 
the  rock  eontanihig  them :  the  latter  especially  (when  the 
great  changes  of  character  often  assumed  by  other  rocks  in  ap<< 
preaching  the  trap,  is  considered)  appearing  open  to  ambiguity. 
Be  tJie  fact  however  as  it  may,  it  cannot  be  considered  as  preg- 
nant with  any  very  important  theoretical  inferences,  since  shells 
&ave  been  found  preserved  in  recent,  and  decided  lavas,  at  the 
foiatik  iHiera  thej  havt  flowed  into  the  oceaQ*   And  those  w}i« 
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^imteftd  for  the  Toicsmic  origin  of  these  rocks^  alwajs  ascribt 
them  to  sub-mariiie  volcanoes,  acting  while  the  ocean  stiU 
covered  the  surface  of  our  present  continents,  or  at  least  the 
districts  in  which  thej  are  found. 

(d)  Modes  qf  arrangement  and  connexion  with  the  rocks 
among  tshich  they  occur.  The  trap  rocks  which  are  found 
within  the  limits  occupied  by  the  coal-measures  and  subjacent 
limestone,  occur  under  three  distinct  modes  of  position,  of 
which  two  appear  to  indicate  fm  origin  distinct  from  that  of 
the  strata  with  which  thej  are  geographically  associated  c 
while  the  third  seems  to  countenance  the  opposite  inference  of 
their  contemporaneous  formation.  These  modes  of.  position 
are,  I,  As  overlying  masses  resting  unconformably  on  the  sulh- 
jacent  strata.  This  appears  to  be  the  position  of  the  trap  rock$ 
at  Glee  Hill  and  at  Dudley.  II.  As  dykes  irregularly  inters 
secting  and  traversing  the  strata ;  of  these,  numerous  examples 
are  found  in  Northumberland  and  Durham,  and  one  remarkable 
instance  will  be  described  in  Staffordshire.  HI.  As  beds 
conformably  interstratified  and  regularly  alternating  with  the 
other  strata.  The  Great  Whinsill  of  Northumberland,  and 
the  toadstone  strata  of  Derbyshire,  illustrate  this  case.  It  does 
not  appear  that  there  are  any  circumstances  in  the  stratification 
and  arrangement  of  such  beds  of  trap,  which  decidedly. differ 
from  the  appearances  presented  by  the  neighbouring  strata. 
It  has  indeed  been  asserted  that  they  are  subject  to  mueh 
greater  and  more  rapid  alterations  in  thickness;  and  this 
certainly  appears  in  somo  instances  at  legist,  to  be  the  case. 
But  this  cfiaracter  seems  scarcely  sufficient  to  afford  foundation 
for  inferring  a  distinct  origin.  It  has  also  been  said  that 
the  metalliferous  veins  traversing  the  other  strata,  are  themselves 
cut  off  by  these,  which  must  therefore  be  of  subsequent 
formation.  But  although  such  is  often  the  fact,  yet  the 
exceptions  which  occur  require  this  argument  to  be  modified, 
though  not  perhaps  entirely  withdrawn ;  and  it  must  also  be 
remembered,  that  metalliferous  veins  are  subject  to  similar 
contractions,  in  traversing  many  other  strata;  expanding  for 
instance  in  those  of  limestone,  and  shrinking  in  those  of 
shale  which  alternate  with  them. 

Between  the  trap  rocks,  however,  occurring  in  these  three  s6 
different  positions,  no  mineralogicai  or  external  features  ot 
distinction  have  been  shewn  to  exist;  but  the  same  varietiei 
seem  to  occur  indiscriminately  in  each ;  so  that  the  indication! 
of  their  belonging  to  different  formations,  afforded  by  a  diversity 
of  position,  are  balanced  by  opposite  probabilities  resulting; 
from  identity  of  character. 

We  ought  not  to  close  this  article^  without  noticing  soifid 
3k2 
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important  obsenratioas  of  Dr.  Mac  Cultoch,  which  satisfftctorilj 
prove  that  the  inferences  deri? ed  from  the  position  of  trap  rlocks, 
cannot  always  be  safely  relied  on ;  and  that  portions  of  one 
and  the  same  mass  of  trap,  may  be  found  under  all  these 
seemingly  different  relations.  Although  the  observations  refer 
to  a  district  not  falling  within  the  limits  of  the  present  work, 
they  are  so  intimately  connected  with  the  subject  now  undeir 
consideration,  that  their  introduction  cannot  be  thought  ir- 
relevant. This  able  geologist  observed  in  the  cliils  on  the 
east  coast  of  Trotternish,  (Isle  of  Sky,)  several  interesting 
sections  of  the  sandstone  strata,  traversed  by  trap,  in  various 
manners.  Among  these  he  noticed  a  large  mass  of  trap  rising 
through,  and  on  one  side  overlying,  the  sandstone  strata.-  From 
this  mass  an  horizontal  bed  was  detached  running  conformably 
through  the  midst  of  the  strata ;  and  this  ultimately  became 
subdivided  into  three  smaller  beds,  also  conformable  and  alter- 
nating with  the  sandstone.  Dykes  also  procteded  in  several 
points  from  the  single  bed  of  trap.  So  that  in  this  instance 
we  have  all  the  three  modes  of  position  described  in  the  be- 
ginning of  this  article,  assuhsed  by  different  portions  of  the  very 
same  mass  of  trap ;  and  these  appearances  too  were  exhibited 
on  a  large  scale.  A  delineation  of  them  is  given  in  plate  17, 
£g.  2.  Western  Islands.  A  contracted  sketch  is  here  subjoined. 


It  should  be  remembered  that  the  question  of  the  volcanic 
origin  of  these  rocks,  is  not  in  fact  affected  by  their  occasional 
occurrence  as  conformable  beds ;  since  on  the  supposition  of 
volcanic  agency  prevailing  contemporaneously  with  the  forma- 
tion of  the  strata,  the  lavas  produced  would  necessarily  occur 
thus  interstratified ;  and  no  theorist  ever  refers  these  rocks  to 
volcanic  agency  of  recent  date;  but  makes  it  a  necessary 
condition  of  his  hypothesis  that  they  flowed  before  the  continents 
assumed  their  present  form,  and  while  they  were  baried  beneath 
the  ocean.  It  is  evidently  quite  consistent  with  this  hypothesis, 
to  admit  a  successive  series  of  such  volcanic  agencies,  exerted 
contemporan'eously  with  the  epochs  of  the  several  geological 
formations.  This  observation  is  hot  made  for  the  purpose  of 
maintaining  a  theory;  but  only  to  shew  that  it  is  necessary  to 
admit  with  some  caution,  the  arguments  brought  against  it  bj 
those,  who  though  of  another  school,  are  equally  j;heorists. 

(e)  Alterations  induced  on  the  stratified  rocks  in  the 
fteighbourhoodofthetrap.    Tliese  phenomena' are  familiar  to 
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ail  geologists,  together  with  the  theoretical  Views  they  are 
thought  to  favour.  They  consist  in  the  greater  degree  of 
induration  assumed  by  many  of  the  neighbouring  rocks  near 
the  walls  of  trap  dykes ;  by  which  loose  grits  pass  into  compact 
quartz  rock,  and  shale  into  flinty  slate ;  coal  being  converted 
under  similar  circumstances  into  coak,  as  if  by  tlie  Yolatilization 
^f  its  bittiminous  matter.  Many  geologists  dwell  on  both 
these  effects,  as  eyidently  resulting  from  the  proximity  of 
matter  in  a  state  of  igneous  fusion;  and  consider  them  as 
decisiYe  of  the  volcanic  origin  of  these  rocks.  Instances  of 
these  phenomena  are  afforded  by  several  of  the  dykes  of 
Northumberland,  Durham,  and  Staffordshire.  The  effect 
attributed  to  the  toadstone  beds  of  Di?rbyshire  in  cutting  off 
the  metalliferous  veins,  has  been  already  noticed ;  but  it  will 
be  seen  that  this  is  not  a  general  fact.  Should  it  appear  h6w« 
oyer,  that  any  such  veins  are  decidedly  broken  through  by  them, 
the  proof  of  their  subsequent  formation  must  in  every  such 
instance  be  admitted:  and  we  shall  be  obliged  to  ascribe  to 
the  uncut  veins,  a  still  more  recent  origin.  But  this  subject 
cannot  be  considered  as  having  yet  been  fully  investigated . 


Particular  description  and  localities  of  the  Trap  rocks 
associated  with  the  Coal-formations^  8fc. 

I.  Beds^  overlying  masses^  and  dykes^  of  trap  in  Norihum* 
berland  and  Durham,* 

The  mass  of  trap  which  first  claims  our  attention  in  this 
quarter,  is  that  named  the  great  Whinsill ;  this  forms  a  stratified 
mass,  conformably  arranged  near  the  middle  of  the  carboniferous 
limestone  formation ;  and  may  be  traced  for  many  miles  about 
half  way  up  the  great  western  escarpment  of  the  mountain 
range,  connected  with  Cross  fell;  particularly  near  the  lead 
mines  on  Dufton  fell.  The  thickness  of  this  stratum  is,  how- 
ever very  irregular;  being  only  six  fathoms  in  some  places, 

♦  Mr.Trevelyan  has  recently  laid  before  the  Wemerian  Society  tectiont 
of  all  those  parts  of  the  Northumberland  coast  which  present  masses  of 
trap;  and  has  detected  the  same  passage  of  dykes  into  apparent  beds 
noticed  by  Dr.  Mac  CuUoch.  Professor  Sed^ewich:  also  has  lately  examined 
the  trap  of  Northumberland,  and  considers  the  evidence  of  its  igneous 
formation  as  complete. 

Monsieur  Bou6,  <  Geologie  de  I'Ecosse,'  while  supporting  in  its  most  extra- 
vagant degree  the  igneous  theory  of  trap  rocks,  nas  yet  questioned  some 
of  these  inferences ;  one  of  his  arguments  is  that  the  flinty  slate  found  near 
trap  dvkes  cannot  be  indurated  shale,  because  it  is  fusible  without  great 
difScuIty ;  had  he  tried  the  same  experiment  with  ordinary  lias  ahal^  he 
would  tiiye  fovnd  the  tame  result. 
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mad  tw«ntj  or  even  thirty  in  others.  It  consists  of  basa^ 
coarse  grained  in  texture,  and  composed  of  white  felspar  an4 
block  hornblende :  the  latter  mineral  predomiaatiog,  and  givvi^ 
the  rock  a  dark  greenish  grey  colour. 

The  basaltic  rocks  exhibited  in  the  Talley  of  the  Tees 
(which  traverses  the  abore  mountain  gi^oup)  are  believed  to  be 
the  prolongation  of  the  same  stratum,  laid  open  by  denudation^ 
These  rocks  extend  from  near  the  source  of  the  Tees  to 
Egglestone. 

At  Caldron  «nout,  situated  on  the  moors  ten  miles  abojre. 
Middleton,  a  basaltic  ridge  crosses  the  river,  and  oc<^sions  a 
succession  of  cascades  for  the  space  .of  596  yards,  which  form  a 
ine  contrast  with  the  pool  of  still  water  or  wheely  above  the 
falls.  It  was  here  immediately  under  the  basalt  that  the  Rev. 
J.  Harriman  discovered  some  garnets  I  crystallized  in  dodeca* 
hedrons,  and  imbedded  in  a  thin  stratum  of  pale  red  horastoae 
or  chert  with  particles  of  calcareous  spar. 

Near  the  steep  acclivity  which  terminates  Cronkley  Fell, 
another  range  of  basalt  interrupts  the  course  of  the  Tees,  Mrf 
causes  the  cataract  called  the  High  or  Mickel  force,  where  the 
water  is  precipitated  from  the  height  of  56  feet. 

The  rock  which  here  crosses  the  river,  is  apparently  an 
Qverl$fing  rriass  of  coarse-grairied  grey  basalt^  the  homblendip 
and  the  felspar  which  compose  it  not  being  intimately  combined. 
It  rests  upon  the  lead^mine  sills,  and  shoots,  on  the  banks  of 
the  Tees,  into  regular  columns  of  considerable  magnitude  an4 
elevation.  A  few  miles  below  this  cascade,  and  about  thref 
above  Middleton,  perpendicular  basaltic  rocks  again  form  the 
bank  of  the  river.  To  these,  iron  chains  have  been  fastened) 
for  supporting  Winch  bridge. 

This  remarkable  structure,  if  it  can  be  so  called,  is  a  plank 
two  feet  in  breadth,  with  low  hand-rails,  suspended  56  feet 
above  the  Tees,  which  is  here  63  feet  wide.  Some  miners 
contrived  it  for  the  purpose  of  passing  from  the  county  of 
Durham  to  Holwick  in  Yorkshire. 

In  the  fragments  of  basalt  which  are  found  scattered  over 
the  surface  in  Teesdale,  and  in  other  parts  of  the  district, 
small  grains  of  yellow  olivine,  and  of  greenish  black  augitej 
are  found  imbedded.     (G.  T.  vol.  iv.  p.  73.) 

A  bed  of  basalt  is  penetrated  at  the  depth  of  159  fathoms  in 
the  Aldstone  Moor  mines :  this  is  also  referred  by  the  miners 
to  the  above  stratum  of  the  great  Whinsill.  But  Mr.  Winch 
considers  their  identity  as  problematical ;  and  remarks  that  th^' 
miners  regard  all  the  beds  of  basalt  which  octnr  in  the  moon* 
lainons  district,  as  ramifications  of  the  great  Whinsill. 

At  Dunstanborough  castle,  and  at  G^nward^ti  titfttle^  seinr 
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Barwesford  on  the  north,  and  at  Wratehiff  crag  near  Alnwick^ 
basalt  also  occars  conformably  irUerstratified  with  other  rocks* 
At  DanstaDborongh,  the  cliff  consists  of  colamnar  basalt,  8  to 
10  feet;  sandstone,  S  feet;  shale  or  slate-clay,  6  feet;  basalt 
to  below  the  water's  edge. 

At  Gun  warden,  strata  of  dark  bluish  CTystalltne  limestone, 
from  thiee  to  four  feet  thick,  alternate  tw4ce  with  compact 
basalt.  At  Wratehiff  crag,  basalt  alternates  with  limestone  and 
slate  clay. 

In  owHi^ing  masses j  basalt  occurs  in  the  general  form  oi  a 
kmg  range,  crossing  the  coantry  in  the  direction  of  norths-east 
aad  soath-<west^  on  the  north  of  the  lead  mines.  Close  to  the  edge 
ef  this  range,  the  Romans  constructed  their  wall,  which  is  now 
standing  four  feet  high  in  many  places;  this  basalt  is  occasion* 
ally  coTuranar.  Higher  north,  other  masses  are  also  visible; 
and  still  higher,  basaltic  eminences  form  a  striking  feature  in 
the  country  between  Alnwick  and  Berwick.  These  eminences 
have  frequently  been  chosen  for  the  sites  of  castles,  as  at 
Donstanboroughy  Bamborough,  and  Holy  Island ;  some  of  the 
small  islands  near  the  coast  are  also  composed'  of  this  rock. 
At  Bamborough  a  well  was  sunk  in  the  Castle  hall  to  the 
depth  of  150  feet,  by  which  it  was  ascertained  that  the  over- 
iykig  rock  of.  basalt  is  75  feet  thick,  and  rest  upon  a  fine 
grained  red  and  white  sandstone. 

'  Basaltic  dykes  traverse  alike  the  subjacent  fovmattoM  of  iime- 
fltone  and  millstone  grit,  and  the  coal-measmres ;  in  oneinstaBoe 
it  will  be  seen  even  penetrating  rocks  of  far  later  date ;  the 
pheaomena  accompanying  those  dykes  are  thus  generally  stated 
by  Mr.  Winch. 

Limeitortc  is  often  rendered  highly  cri^aUine  and  unfit  for 
UmCj  when  in  the  vicinity  of  this  rock,  as  is  the  case  with  the 
two  lowermost  strata  at  Wratehiff  crag,  but  not  with  the  uf^er 
one.  Siat&'ck^  or  shale  is  turned  into  a  substance  like  JUnftf" 
state  or  porcelain  Jasper^  as  is  the  case  with  the  stratum  lying 
immediately  beneath  the  upper  bed  of  basalt  at  Wratehiff  crag ; 
and  coal  is  invariabi^  charred  when  in  contact  with  it.  The 
Sandstone  on  which  it  sometimes  reposes,  is  changed  for  some 
depth  to  a  brick-red  colour. 

Examples  of  such  dykes  traversing  the  carboniferous  limestone 
may  be  seen  in  Aldstone  moor,  Allendale,  and  in  Weardale. 
One  is  quoted  as  being  36  or  37  feet  wide.  In  the  crevices 
beside  the  dykes,  strings  of  lead  ore  are  frequently  observed, 
but  are  never  known  to  pass  through  the  dykes. 

In  the  4th  volume  of  the  Geological  Transactions,  there  is  a 
short  communication  by  the  Hon.  H.  G.  Bennet  on  a  Whin 
dyke  traversing  the  limestone  and  other  strata  in  Beadnel  hay 
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on  the  tiorth-east  coast  of  Northumberland ;  by  which  it' appears 
that  the  limestone  is  so  altered  in  quality  in  those  parts  of  it 
which  lie  in  the  immediate  vicinity  of  the  dyke,  that  it  will 
not  bum  into  lime  of  any  value,  nor  within  ^0  feet  of  lU  A 
stratum  composed  of  felspar  and  carbonate  of  lime,  is  so  altered 
near  the  dyke,  as  to  resemble  the  substance  of  the  dyke  itself, 
which  is  unlike  that  of  the  dykes  in  the  north-western  part  of 
the  county ;  these  are  composed  principally  of  hornblende. 

The  number  of  veins,  or  dykesy  traversing  the  strata  of  the 
Coal-measures,  is  very  considerable,  and  there  is  no  uniformity 
in  their  direction.  The  circumstances  attending  them,  are  in 
many  cases  very  extraordinary,  and  the  most  considerable 
basaltic  dyke  in  the  immediate  neighbourhood  of  Newcastle  is 
that  which  passes  through  Coley  hill,  about  four  miles  west  of 
the  town.  A  long  range  of  quarries  has  here  been  opened  upon 
it,  in  some  places  to  the  depth  of  50  feet,  and  laying  bare  the 
entire  width  of  the  dyke,  which  is  ^4  feet.  The  dyke  in  this 
place  appears  to  be  vertical.  The  basalt  of  which  it  is  composed, 
lies  in  detached  masses  which  are  coated  with  yellow  ochre. 
The  removal  of  these,  brings  to  view  thin  layers  of  indurated 
clay  with  which  the  fissure  is  lined,  and  which,  breaking  into 
small  quadrangular  prisms,  are  used  by  the  country  people  for 
whet-stones ;  in  this  substance,  clay-ironstone  impressed  witn 
the  figures  of  ferns,  is  very  abundant. 

The  upper  seam  of  coal  is  here  found  at  about  35  feet  from 
the  surface,  and  where  in  contact  with  the  dyke,  is  completely 
charred,  forming  an  ash-grey  porous  mass,  which  breaks  into 
small  columnar  concretions^  exactly  resembling  the  coak 
obtained  by  baking-coal  in  close  iron  cylinders  in  the  process 
of  distilling  coal-tar.  Calcareous  spar  and  sulphur  are  disse- 
minated through  the  pores  of  this  substance. 

The  basalt  itself,  when  broken,  is  of  a  greenish-black  colour, 
and  of  a  coarse-grained  fracture.  It  contains  quartz,  calcareous 
spar,  and  another  mineral  possessing  the  following  characters. 
The  colour  is  wax-yellow  passing  into  olive  green ;  the  lustre 
vitreous,  resembling  that  of  glassy  felspar ;  the  fracture  foliated. 
It  resists  the  action  of  the  blowpipe  with  borax,  but  with  it 
melts  into  a  white  glass.  The  latter  circumstance,  and  the 
foliated  fracture,  distinguish  this  substance  from  olivine,  which 
gives  a  dark  green  bead  with  borax,  and  presents  a  fracture 
more  or  less  conchoidal. 

Passing  to  the  e^st-south-east  of  the  Coley  hill  dyke  in  the 
line  of  its  direction,  a  vein  is  found  traversing  Walker  colliery, 
and  crossing  the  Tyne  at  Walker.  This  dyke  is  well  defined ; 
it  occasions  no  alteration  in  the  level  of  the  coal  strata,  and  the. 
depth  at  which  it  intenccts  them  ii  unknown,    ^t  haft  been 
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cut  through  by  horizontal  drifts  hv  four  places'.  Oii  each 'Side 
of  it,  the  coal  is  converted  into  coaky  which  on  one  side,  in 
some  places,  was  found  to  be  18  feet  thick,  arid  on  the  opposite, 
side  upwards  of  nine  feet.  A  firm,  hard,  and  unbroken  vein 
of  basalt,  on  an  average  about  13  feet  thick,  was  in  iramediate 
contact  with  the  coak  on  each  side;  and  between  these  two 
Yeius,  lay  nodules  of  basalt  and  sandstone,  upwards  of  nine  feet 
in  thickness,  imbedded  in  a  cement  of  blue  slate. 

At  Walbottle  Dean,  five  and  a  half  miles  west  of  Newcastle, 
below  the: bridge  on  the  western  road,  a  double  vein  of  basalt 
(represented  hj  Fig.  2,  PI.  4,  of  the  4th  vol.  of  G.  Trans.) 
crosses  the-  ravine  in  a  diagonal  direction,  passing  nearly  due 
east  and  west.  It  hades  or  underlies  at  an  angle  of  78  degrees, 
and  cuts  the  coal-strata  without  altering  their  dip.  On  the 
eastern  bank  of  the  ravine,  it  is.  laid  bare  from  the  level  of  the 
brook  to  the  height  of  about .  60  feet.  The  northern  and 
southern  basaltic  portions  of  the  vein,  the  one  five  and  the 
other  six  feet  in  thickness,  are  there  13  feet  apart,  and  are 
separated  from  one  another  by  a  confused  heap  of  fragments  of 
sandstone  and  shal^  broken  from  the  coal-strata.  ^  With  these 
fragpients  are  found  balls  of  basaltic  tufa  parting  into  concentric 
layers,  and  of  a  lightish  brown  colour ;  the  balls  are  most 
abundant  on  the  sides  of  the  rubble  near  to  the  basalt.  In  a 
neighbouring  colliery,  both  portions  of  the  vein  hold  their 
course  through  the  seam  of  coal,  which  is  charred  by  their 
influence.  This  basalt  contains  nodules  of  quaitz  and  chalce- 
dony, but  not.  adularia,.  which  is  abunidant  in  the  basalt  of 
Coley  hill.  .      > 

A  string  of  galena  fills  a  crevice  beside  a  vein  of  basalt  about 
two  miles  beyond  Durham. 

A  dyke  called  the  Cockfield  dyke,  which  is  17  feet  wide, 
hades  or  underlies  to  the  south,  and  throws  up  the  coal-measures 
on  that  side  18  feet.  The  low  main  coal  contiguous  to  the 
basalt,  is  only  nine  inches  thick,  but  enlarges  to  six  feet  at  the 
distance  of  IdO  feet  from  it.  The  coal  is  reduced  to  a  cfnder^ 
and  the  sulphur  is  sublimed  from  the  pyrites  near  to  the  dyke.' 
.  A  dyke  is  seen  on  the  banks  of  the  Tees  a  little  below  Yarm. 
It  there  passes  into.the  hewer  red  sandstone,  and  continuing 
its  course  Jn  the  same  direction,  is  well  known  to  traverse  the 
north-eastern  part  of  Yorkshire,  near  the  still  more  recent 
formations  of  lias,  and  the  sandstone  of  the. inferior  oolite,  in 
the  eastern  Moorlands  in  its  way  to  the  German  Ocean.  This 
dyke  is  ^rendered  highly  interesting  by  its  great  length,  and 
the  proof. it  afibrds  by  thus  penetrating  later  rocks,  that  it  must 
Jiave  owed  its  origin.' to  causes  in  action  at  a  period  long 'sub- 
.sequent  to  the  ibrmation  of  the  coal;  a  proof  which  yi«Us  « 
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strong  taalogical  pr^wmption  tbat  the  othtr  dykes  of  IH^ 
oMl^^eld^  are  likewite  Aibsequeet^  and  not  ooatempiomQeoat 
pbttDOOiena* 

These  circumitaBC^  render  the  coarse  of  thk  dyke  through 
the  more  recent  fohnaiiotiB,  a  poiot  of  ttmeh  geolt^gioial  im^ 
portance,  and  Mr.  Bakeweil  has  fortunately  published  a  soli* 
ciently  detailed  account  of  this.     His  statement  is  u  foUows. 

From  Berwick  on  the  Tides  it  may  be  traced  in  an  easterly 
directhm,  hear  the  Tillages  of  Sunton,  Newhy,  Nunthorp  and 
Ayten.  At  Langbath  ridge  a  quarry  Is  woi^ed  in  it ;  it  passes 
^uth  of  the  rebiarkable  hill  csdled  Roseberry  Toppin,  neai^ 
Stokesly,  and  from  thence  by  Lansdale  to  Kildale ;  it  may  be 
seen  on  the  surface  nearly  all  the  way  in  the  above  track. 
From  Kildale  it  passes  to  Denbigh  Dale  end,  and  through  the 
Yklhige  of  Egton  bridge,  and  hence  over  I^ace  ridge  through 
Crothland,  crossing  the  turnpike  road  from  Whitby  to  Pickering 
near  the  seven  mile  stone,  at  a  place  called  Sillow  Cross  on  a 
high  moor.  I  examined  it  at  this  place,  where  it  Is  quarried 
for  the  roads,  and  is  about  ten  yards  wide.  From  bence  it 
maj  be  traced  to  Blea  Hill  near  Harlvopd  Dale,  in  a  line 
towards  the  sea,  near  which  it  is  covered  with  alluvial  soil ; 
but  there  can  be  no  doubt  that  it  extends  into  the  German 
ocein.  It  is  a  dark  greyish  brown  basalt  which  turns  brown 
im  exposure  to  the  atmosphere^  it  is  the  principal  material  for 
■lending  the  roads  in  the  disti-ict  called  Cleveland. 

It  is  only  necessary  to  add  to  this  account  that  the  dyke 
«iters  the  lias  near  Nunthorp  «id  the  sand  of  the  inferior 
oolite  ftear  Roseberry  Topping. 

II.    Trap  rocki  of  Derbyshire. 

These  chiefly  occur  in  three  strata,  conformably  alternating  in 
the  formation  of  carboniferous  limestone,  which,  by  their  Inter* 
positbn,  they  divide  into  fomr  separate  beds ;  but  other  masses 
of  trap,  of  more  limited  extent,  are  occasionally  found  contained 
vi^n  the  limestone  beds;  especially  In  that  usually  called 
the  third  iimestone  (the  numbers  following  a  descending  series.) 
An  Instance  of  a  dyke  is  ahto  mentioned  by  Whitehorst.  ft 
does  not  appear  to  have  been  ascertained,  whether  these  occa^^ 
sionai'  aiasses  of  trap  are  or  are  not  in  any  manner  connected 
with  the  principal  strata  of  that  class;  though  a  knowledge  df 
tMs  fact  woiild  be  of  the  utmost  importance  hi  determining  the 
Mations  of  the  whole  formation.  It  should  i^so  be  observed 
that  the  upper  toadstone  exhibits  in  Hockley  lime  quarry, 
•outh  of  Asfaover,  portions  of  limestone  imbedded  hi  its  mass^ 
die  entonmce  oC  the  quarry;  uad  aeme  «lher  jfMmiAt 
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ii»sliBe«9  of  tlie  same  natuFe  are'cjted  by  Mr,  Tftrey.*  fc^for© 
ive  proceed  to  examine  the  course  and  position  of  these  b^ds  ii[i 
detail,  it  will  be  oonvenient  to  give  a  general  view  pf  their 
tniueraloglcal  character  i  this,  as  is  usual  in  such  formations,  is 
subject  to  frequent  and  great  changes.  The  prevailing  variety 
is  an  amygdaloidal  trap ;  consisting  of  a  compact  Iron-coloureg 
paste,  (probably  a  fin«  grained  basalt)  containing  nodules  of 
various  sizes,  from  small  granular  spots,  to  that  of  an  hazel  nut, 
or  larger,  of  whitish  calcareous  spar,  and  of  green  earth. 
Agatine  nodules  are  of  more  rare  occurrence,  aifording  speci* 
mens  of  onyx,  chalcedony,  jasper,  and  the  quartz  crystals, 
locally  termed  Derbyshire  Diamonds.  The  varieties  of  zeolite 
comiilfibn  in  it^cks  of  this  family  elsewhere,  have  also  occasion- 
ally been  found  in  these.  The  decomposition  of  the  imbedded 
nodules,  frequently  occasions  the  amygdaloid  to  assume  a  vesi- 
cular and  lava  like  character.  The  amygdaloid  sometime^ 
passes  into  ordinary  basalt,  which  is  as  usually  charficterised  by 
its  i:«ndency  to  decompose  into  large  spherical  masses ;  and  by 
occasionally  assuming  an  irregularly  columnar  texture  (an 
instance  of  which  may  be  seen  in  the  deep,  ravine  called  Qav^ 
dale  near  Castleton.  Greenstone  distinctly  crystallised  is 
also  seen  in  the  same  ravine  and  other  places.  From  th^ 
retentive  nature  of  the  clay  a  line  of  ponds  is  often  found 
along  the  bassets  of  the  toadstone ;  a  circumstance  which  assists 
in  tracing  their  course.  A  variety  of  a  finely  gritty  tcxturej 
and  yellow  colour,  which  may  perhaps  be  called  ft  trap  tufe| 
occurs  in  Harborough  rocks  near  Brassiugfon,  where  it  appear^ 
to  have  been  quarried  as  a  freestone.  On  decomposition,  fli^ 
trap  passes  into  a  elay  of  a  bluish  grey  colour. 

The  prevailing  structure  is  massive ;  but  a  laminated  structure 
•ometimes  though  yety  rarely  occurs. 

Mr.  Whitehurst  maintained  that  the  metalliferous  veins  ot 
the  limestone  strata  were  universally  cut  through  by  those  of 
toadstone;  and  produced  this  as  an  argument  proving  their 
subsequent  origin.  Mr.  Farey  admits  this  to  be  the  general 
fact,  but  adduces  several  exceptions ;  mentioning  no  less  than 
nineteen  instances  in  which  the  toadstone  beds  carried  or^; 
usually  however  only  in  thin  strings.  Since  the  period  of  his 
publication,  the  veins  of  the  Seven  Rakes  Mine  near  Matlock^ 
which  had  before  been  worked  in  the  2nd  or  3rd  limestone, 
have  been  pursued  with  success  and  profit  in  the  intervening 

*  frofessor  Auckland  obwrved  the  nodules  of  the  limestone  \]\\^  im- 
bedded in  the  trap  of  Derbyshire,  to  be  occasionally  surrounded  by  a  thin 
crust  of  fibrous  calcareous  spar,  exactly  rescmbfii^g  that  produced  iq 
histances  of  inciptent  fusion  ui^der  pressure  in  Sir  Japes  Half's  vtf^r. 
meats. 
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toftdstone.  Still,  if  in  any  authenticated  instanees,  ike  metallie 
yeins  be  decidedly  cut  off  by  the.toadstooe,  the  argmneat  of 
Mr.  W.  must,  pro  tanto  be  held  good;  and. the  e»:epted  cases 
ivill  only  proye,  that  some  of  the  metallic  veins  of  this  dis^trict 
are  of  later  formation  than  others.  The  average  thickness  of 
the  first  or  upper  toadstone,  is  about  60  feet ;  of  the  two  lower 
75  ft.  each.  This  however  is  subject  to  very  great  variatioiis ; 
but  the  statements  of  Mr.  Whitehurst  of  the  appearances  in 
the  mines  on  Tideswell  Moor,  whence .  he  inferred,  the  total 
irregularity  or  the  occasional  absence  of  these  beds,  are  referred 
by  Mr.  Farey,  to  the  having  mistaken  some  of  the  occasional 
masses  before  mentioned  for  the  regular  beds. 

In  attempting  to  give  a  brief  sketch  of  the  course*  of  these 
toadstone  strata,  which  range  in  nearly  parallel  irregular  curves 
from  its  north-east  to  its  south-east  angle,  sweeping  round  with 
outHn^s  convex  towards  the  west,  through  the  limestone 
district  of  Derbyshire,  it  must  be  remembered  that  that 
district  is  described  by  Mr.  Farey  as  being  bounded  on  three 
sides  (the  south,  west  and  north,)  by  an  extensive  fanlt ;  the 
effect  of  which  is  in  these  directions,  to  place  the  fourth  or  lowest 
bed  of  limestone  oh  the  same  level  with  the  shale,  whose  true 
place,  as  ascertained  on  the  eastern  side,  is  above  the  whole 
limestone  series.  Hence,  while  the. three  toadstone  strata 
form  nearly  parallel  bands  along  the  eastern  side,  where  the 
beds  crop  out  in  regular  succession,  we  must  not  look  for  any 
repetition  of  them  on  the  western  side,  where  the  lowest 
formation  is  thus  brought  abruptly  into  contact  with  the  shale 
formation,  to  the  necessary  exclusion  of  the  intervening  beds.  < 
The  only  exception  to  this  arraivgement,  is.  on  the  ^north- 
western side  of  the  district,  where  the  line  of  this  fault  so  ranges 
as  to  include  in  two  parts  of  its  course  small  portions  of  the 
third  limestone^  (the  next  above  the  lowest)  and  consequently 
allows  the  repetition  of  the  third  toadstone. 

We  shall  begin  by  describing  (still  following  Mr.  Farey) 
the.  course  of  the  third  toadstone,  apd  befpre  we  pursue  its 
continuous  basset,  where  it  has  an  eastern  or  south-eastern  dip, 
we  may  first  notice  its  occurrence  on  the  north-western  border 
of  the  district,  where  it  is  repeated  with  an  opposite,  or  north-- 
western dip,  underlying  the  insulated  portions  of  the  third 
limestone  jiist  mentioned.  Of  these  portions,  one  extends  from 
Dove  hole,  about  a  mile  and  a  half  to  the  eastward,  to  Sparrow 
pit  near  the  celebrated  ebbing  and  flowing  rock.     The  other, 

*  It  may  be  useful  to  desire  the  reader  in  folloviring  this  sketch,  to  fix  Kis 
-attemion  particularly  on  the  valley  of  the  Wye,  and  the  dales  opemng  into 
it  oii  the  north,  and  in  Bonsall  Dale  on  the  South.  In  these  all  the  3  strata, 
are  fiaely  displayed.    See  Sections,  plate  2.  ...... 
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wtitcb  ftdjolfis  cloflety'  to  the  nordi-westeTti  angle  of  the  lime» 
stone  tiact^  iacludes  the  Tillages  of  Buxton  and  Fairftelck 
The  toadstone  underlying  the  fonner,  ranges .  between  the 
points  above  named,  with  a  small  sweep  to  the  south.  That 
uttderljing  the  latter,  ranges  south  from  Buxton,  on  the  east 
4>f  Poops  hole^  passes  on  the  north  of  Sherbrook  dale,  (containing 
a  branch  of  the  river  Wye,)  and  crosses  at  Mill  daKe  the  mam 
-branch  of  the  same  river,  a  little  below  Buxton.  Here  it  has 
been  particularly  described  by  Fanjas  de  St.  Fond,  (in .  his 
English  travels.)  who  mistook  it  probably  from  its  rapid  dip 
lor  a  dyke ;  hence  it  proceeds  first  south-east,  then  north-east^ 
and  lastly  north-west  encircling>  Fairfield  Town ;  its  whole 
course  having  been  about  two  miles. 

Near. this  there  is^  another  insulated  portion  of  the  third 
toadstone  at  Staden  Hill,  on  the  south  side  of  Sherbrook  dale  ; 
a  similar  one  occurs  at  Peak  Forest  Town,  about  two  miles  east 
of  that  near  Dove  hole.     . 

We  have  now  .to  pursue  the  general  basset  of  this  bed,  as  it 
<nrops  out  westwards  beneath  the  continuous^  zone  of  the  third 
limestone  on  the  east;  andin  this^weshali  proceed  from  north 
to  south. 

In  the  north-east  then  the  ^third  toadstone  commences  on 
the  border  of  the  limestone  tract,  near  Castleton,  where  it  it 
first  seen  in  Cowler  hills,  and  then  crosses  the  ravine  called 
Cavedale,  (which  must  not  be  confounded  with  that  in.  which 
,the  great  cavern  is  situated,  and  which  is  separated  from  this 
by  the  Cragg  Hill  on  which  the  castle  stands ;)  here  it  assumes 
in  one  spot  a  columnar  form,  and  affords  basalt  passing  into 
greenstone  and  containing  red  jasper.  Hence  it  ranges  in  a 
sinuous  line  south-west  towards  the  river  Wye,  passing  by 
Portaway  mine.  Knowl,  Copt,  Dalehead,  ^  of  a  mile  north* 
west  of  Wheston  near  Smalldale,  to  Great  Rocks  west  of  Worm* 
hill,  and  thence  by  the  eastern  skirt  of  Flagdale,  on  the  south* 
west  of  that  village  crossing  the  river  Wye.*  A  little  east  of 
the  opening  of  that  dale  into  the  principal  valley,  where  it  roaj 
be  seen  both  on  the  east  of  its  upper  part  (where  called  Wye- 
dale)  and  on  the  west  of  its  middle  portion  (called  Millers  dale.) 
Proceeding  down  the  Wye, -f  it  is  also  seen  in  the  two  next 
dales  branching  northwards  from  Millers  dale  :  viz.  in  Monks 
dale,  as,  well  as  its  prolongation,  Grass  dale,  and  its  eastern 
braoch  Thatch  dale,  and  in  Tlde&well  dale .  and  its  western 

*  The  course  of  the  toadstone  strata  in  the  vtMcj  of  the  Wye  and 
latesal  dales  will  be  clearly  understood  by  referring  to  the  section.    . 

+  The  position  of  the  toadstone  crossing  Wye  Dale  will  be  clearly 
undtrstood  from  the  section  of  that  dale  in  the  large  plate  of  Sections. 
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teanck  Meadow  daW;  bakig  akva^d  In  iibe  ktt«r  instasee  ^ 
a  ImilL  Crossing  the  Wye  above  Millers  dale,  a  little  east  of 
the  ramarkable  limestone  cragg  of  Chee  Tor,,  it  may  be  traced 
in  the  upper  end  of  Sandy  dale,  wbieh  there  branches  south 
from  that  river;  thrice  proceeding  to  the  south-west  and 
ionth,  near  the  north-west  of  Blaekwell,  and  east  of  CheU 
merton,  west  of  Cronkstone,  Hardlow  and  Benty  Grange,  thence 
mnning  in  a  nearly  straight  line  soath-easrt  by  Pike  Hall,  t^ 
Grange  Mill  in  the  npper  part  of  fionsall  dale  near  Cromford; 
then  it  skirts  along  the  northern  side  <of  that  dale,  ranging 
near  the  top  of  the  hill  near  Slaley;  until,  by  the  dip  of 
the  strata  to  the  level  of  the  valley,  where  it  meets  a  branch 
of  the  great  fault  (already  described  as  nearly  surrounding  the 
limestone  tract),  it  is  for  an  interval  cut  oi;  but  is  sl^rtly 
resumed  (beyond  an  angle  of  depressed  strata  included  by  thte 
fanlt)  in- the  hills  south  of  Bonsai  da|e,  along  which  it  ranges 
to  the  south-west,  and  skirts  the  eastern  side  of  the  south 
branch  of  that  dale  (called  the  GeHia  dale.)  Here  are  situated 
fiarborough  rocks  already  mentioned  as  afbrdlag  a  peculiar 
variety  of  the  trap ;  and  near  tibese,  it  inally  meots  the  southena 
edge  of  the  limestone  tract* 

The  second  toadstone  is  the  next  in  eider,  in  aseendinj^  the 
aeries.  The  aorth-eastera  extremity  of  titis  stratum  does  not 
commence  exactly  on  the  eastern  border  of  the  limestone; 
which,  being  there  cut  by  a  branch  of  the  great  fault  before 
mentioned,  has  the  first  or  highest  limestone  brought  down  oh 
the  east  side  of  that  fault ;  whilst  the  substrata  cropping  out  on 
its  western  side,  are  thus  made  to  abut  against  the  depressed 
edge  of  the  superior,  limestone,  9B  is  the  case  with  the  bed  of 
toadstone  we  are  now  tracing :  under  these  circumstances  it 
first  presents  itself  about  one-third  of  a  mile  seuth-south-west 
of  Windmill  house,  a  small  hamlet  on  the  north-east  of  Tides- 
well  ;  proceeding  westward,  passing  south  of  Tidslow-top- hill, 
and  thence  south-west  and  south,  till  taking  the  line  of  Brook- 
bottom  dale,  it  surrounds  and  underlies  Tideswell  town ;  after- 
wards skirting  the  eastern  side  of  Tideswell  dale  In  Its  course 
to  the  river  Wye,  which  It  crosses  near  the  mouth  of  Crossbrook 
dale,  (see  section).  Before  however  we  trace  its  progress  on 
the  south  of  that  river,  we  must  pause  to  mention  some  insulated 
hills  in  which  it  occurs  beyond  the  general  line  of  Its  basset^ 
forming  parts  of  the  ridges  dividing  the  dales  that  open  towards 
the  Wye  from  the  north :  one  of  these  is  on  the  south-south-east 
of  Wheston  near  Tideswell,  between  Tideswell  dale  and  Monk^s 
dale ;  the  other  forms  the  base  of  a  ridge  extending  near  twO 
miles  close  to  Wormhill,  including  that  village.  Bole  End  hill^ 
and  Tavlstead,  and  bearing  three  caps  of  the  superjacent  or 
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a^icoiidi  lttee«tx>ite«    Tbis^  ridge  is  si toftled  l)etwemi  Mbnk^s  dale 
and  Flat  dole.  It  shouid  also  be  noticed,  that  in  Tides  well  dale, 
south  of  the  town  at  the  entrance  of  a  small  ilale  called  Brees 
date,  seTeml  Alternations  of  such  occasional  masses  of  toadstone 
(as  were  formerlj  mentioned  as  proved  in  the  neighbonring 
mines  on  Tideswell  moor)  are  to  be  seen  in  the  cliflis  composed 
•f  the  Uiird  limei^one.    In  pursuing  the  regular  basset  of  th« 
second  toadstone  on  the  south  of  the  Wye,  we  find  it  skirting 
mi  the  south  that  portion  of  the  valley  of  that  river  distinguished 
as  Rivers  dale,  and  thus  ranging  westward  till  it  af^>roaches  the 
eastern  border  of  Sandy  dale  ;  here  it  tarns  southward  and 
takes  henceforth  a  course  parallel  to,  and  at  an  average  distance 
ei  about  a  mile  east  from,  the  course  of  the  third  loadstone^ 
(before  described,)  keeping  to  the  west  of  Taddlngton  and  of 
Arborkftw,  and  tkence  arriving  by  a  south-easterly  course  near 
the  north  of  the  village  of  Bon^i,  where  it  appears  on  th^ 
kottth-west  slope  of  Masson  low,  one  of  the  hills  bounding 
Matlock  dale  on  the  west.    In  Matlock  dale  itself  this  stratum 
B  exposed  by  denudation  on  the  banks  of  the  river  near  the 
foot  of  the  high  Tor,  being  brought  down  to  this  level  by  iti 
dip :  from  Masson  low  it  ranges  south-west  and  south,  passing 
iKar  Bonsai  church,  and  soon  after  meets  the  branch  of  the 
^at  fault  before  described  as  running  through  Bonsai  dale^ 
and  in  consequence  of  the  depression  of  the  strata  included  by 
the  angular  course  of  that  fkult,  is  no  more  seen. 

The  first,  or  highest  toadstone,  commences  on  the  north^ea^ 
from  the  same  branch  of  the  fkult,  as  the  second  al>out  half  a 
mile  south  of  it,  and  under  exactly  similar  circumstances;  it 
ranges  west  surrounding  Lane«head  houses,  and  thence  tumt 
south-east  by  litton  town  proceeding  across  the  north  end  of 
Oressbrook  dale  and  by  the  north  and  east  of  Hay  date  to  the 
river  Wye,  on  the  banks  of  which  It  appears  about  half  way 
«p  the  cliffs  of  Fin  Copt  hill  (one  mile  and  a  quarter  north-we^ 
6f  Ashford)  which  exactly  resembles  Matlook  high  Tor  in  itt 
appearance  and  the  strata  it  exhibits.  This  toadstone  crosses 
the  river  a  little  below  this  Tor,  and  traversing  the  middle  <i€ 
Dhnins  dale,  ranges  south-west  to  Moneyash,  where,  like  the 
preceding  beds,  it  trends  first  south  and  then  South-east  run- 
ning parallel  to  them,  and  about  three-quarters  of  a  mile  eMt 
ei  the  second  toadstone.  This  course  carries  it  on  the  south 
side  of  Blakelow  Tor  (above  Bonsai)  and  thence  down  the 
eastern  slope  of  the  hills  to  the  valley  of  the  Derwent,  which 
k  passes  near  ^le  north  Ibqt  of  Matlock  high  Tor,  and  thence 
keeps  for  some  distance  on  the  east  of  that  river  sweeping  from 
the  rise  of  ^the  strata  in  an  ascending  cnrte  Ihrougli  the  preci- 
pitous escarpment  tff  the  Tik-,  till  It  stains  its  isdiddle  region'; 


Digitized  by 


Google 


454  Book  III.     Coalj  and  associaied  b^ds» 

whence  descending  ort  the  south,  it  re- crosses  the  Denr^nt, 
but  soon  crosses  it  a  third  time,  and  again  within  two-thirds 
of  a  mile  lower  down  finally  re-crosses  it  at  the  paper-mill  near 
Matlock  bath,  thence  ranging  across  what  is  called  the  Wallet 
to  Bonsai  dale,  where  it  abuts  against  the  fault  so  often  des- 
cribed ;  the  depression  boweycr  of  strata  included  in  the  angle 
bounded  by  that  fault  is  not  sufficient  entirely  to  conceal  this 
toadstone,  but  only  throws  it  a  little  west  of  its  former  line  of 
bearing,  so  that  it  ascends  through  the  wood  on  the  fiouth  side 
of  the  dale,  and  trayersing  that  angular  area  in  a  south-westerly 
direction,  finally  abuts  against  its  southern  side  so  nearly  at 
the  same  point  where  the  third  toadstone  (as  before  described) 
occurs  on  the  opposite  side  of  the  fault,  the  .strata  being  on* 
that  side  elevated,  that  without  attentive  examination  it  might 
easily  be  mistaken  for  a  continuation  of  the  same  bsisset :  this 
point  is  one-third  of  a  mile  west  of.Middleton. 

Such  being  the  course  of  this  stratum  along  its  entire  line  of 
basset,  it  remains  only  to  mention  its  occurrence  in  two  other 
situations,  where  on  the  east  of  that  regular  basset  it  is  thrown 
up  prematurely  by  a  line  of  fault*  ranging  round  three  sides  of 
a  parallelogram  including  the  Tillages  of  Bastow,  Bakewell, 
Yo]gra?e  and  Beeley,  on  its  north-west  and  south  borders;  and 
elevating  the  included  stiata,  by  what  is  technically  termed 
a  trap,  up  to  the  east :  by  this  fault  (which  Mr.  Farey  <^lls 
the  Bakewell  fault)  the  first  toadstone  is  thus  thrown  up  just 
above  Bakewell  on  the  course  of  the  river  Wye ;  (here  this 
fault,  and  the  efiect  it  produces,  are  represented  in  the  ac- 
companying section^)  more  to  the  south  at  Over  Haddon 
where  the  second. limestone  is  .also  seen ;  and  still  further  in 
the  same  direction  at  Yolgrave.  II.  The  last  instance  we 
have  to  mention  of  the  appearance  of  this  toadstone  is  at 
some  distance  from  the  main  limestone  area,  where  the  valley 
of  Ashover  (three  miles  north-east  from  Matlock)  exhibits  a 
deep  denudation,  cutting  entirely  through  the  .millstbne-^rit 
and  shale,  and  thus  exposing  the  subjacent  limestone,  which 
also  rises  by  a  flexure  and  saddle,  to  the  same  point ;  here  the 
toadstcme  is  seen  as  usual  underlying  the  first  limestone ;  and 
it  is  believed  here  to  possess  a  thicJmess  much  greater  ^an 
ordinary.  .  •      : 

We  have  entered  into  a  much  more  minute  detail  than  we 
usually  allow  ourselves  of  the  localities  of  these  strata,  since 
the  important  theoretical  inferences  which  have  been  built  on 
:them  render  it.  desirable  that  every  facility,  should  be  given  to 

*  Mr.  Watfon,  however,  explains  these  re|)etitiont  of  the  beds. by  a^nere 
UftduUtion  of  the  strata  unaccompanied  by  any  fault. 
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future  observers  who  may  hav^  opportunity  of  exaihining  ttem, 
and  the  work  whence  these  notices  are  principally  derired^ 
l>eing  rather  of  a  statistical  than  scientific  character,  is  pro« 
bably  in  the  hands  of  but.  few  of  the  readers  of  this  volume; 
and  those  who  possess  it  and  are  acquainted  with  the  extreme 
flifficulty  of  reference  which  the  author's  arrangement  of  his 
materials  (in  numerous  detached,  lists  of  hills,  yallies,  &Cm 
alphabetically  disposed)  occasions,  will  doubtlessly  find  the 
present  attempt  to  combine  and  collect  into  one  mass,  the 
scattered  information  it  affords  on  this  subject,  a  useful  aid« 
Much  hesitation  has  been  displayed  in  admitting  the  existence 
of  the  enormous  faults  which  Mr.  Farey  believes  are  proved  ta 
exist  by  the  phenomena  of  this  district ;  with  regard  however  t« 
those  which  are  above  alluded  to^  it  is  absolutely  necessary  to 
concede  their  existence,  if  it  be  allowed  that  the  toadstones  are 
regularly  conformable  strata ;  both  these  positions  must  stand 
or  fall  together :  and  it  may  be  added,  that  enormous  as  thes« 
disturbances  are,  they  have  in  favour  of  their  reality,  the 
analogy  of  others  equally  great  at  the  foot  of  Cross  fell, 
(see  Professor  Buckland's  paper,)  and  near  Ingleton,  where 
the  'coal-measures  are  repeated  beneath  the  foot  of  Ingleborbugh 
on  the  south-west  and  below  the  level  of  the  junction  of  the 
limestone  of  that  mountain  and  the  greywacke  slate,  (see  the 
case  as  represented  in  the  general  section  from  Cumberland  to 
Sussex.) 

•  A  section  across  the  middle  of  Derbyshire  from  south-east  t9 
north-west  is  given  at  the  end  of  this  volume. 

It  commences  in  the  denudation  of  limestone  and  toadstone 
in  the  Ashover  valley;  and  crosses  the  intervening  hill  of  shale 
grit  and  lower  coaUmeasures  to  the  valley  of  the  Derwent  at 
^he  confluence  of  the  Wye;  thence  it  entirely  follows  tho 
course  of  that  river  upward  to  Buxton;  twice  crossing  the 
curved  line  of  the  Bake  well  fault,  and  exhibiting  its  eifect  ii| 
elevating  the  strata*  It  then  shows  the  successive  regular 
outcrops  of  several  strata  along  the  north  bank  of  the  Wye^ 
and  the  lateral  dales  branching  from  it  on  that  side;  lastly^ 
crossing  and  displaying  the  great  fault,  it  terminates  in  Combes 
Moss  on  the  north-east  of  Buxton,  capped  with  the  coaU 
measures,  thus  ending  and  beginning  in  the  same  strata.  The^ 
general  section  from  Cumberland  to  Sussex  also  passes  from 
north  to  south  across  the  Derbyshire  limestone  tract  n«ar  ita 
cast  border,  and  thus  twice  crosses  the  curved  bassets  of  these 
strata,  and  passing  Bonsai  dale,  shews  the  effect  of  the  fault  in 
that  quarter.  It  is  hoped  that  these  sections  will  render  every 
point  in  the  above  descriptions  easily  intelligible. 
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We  have  thus  described  minutely  the  course  and  phenomena 
of  the  regular  toad  stone  beds ;  it  has  also  been  stated  that 
occasional  masses  of  the  same  rock  occur  in  the  different 
limestone  strata.  Those  on  Tideswell  moor  and  ^ale  in  the 
third  limestone  haye  been  already  mentioned.  The  same 
appearances  also  occur  at  Mockshaw  and  Haredale  mine  west 
of  Bakewell  in  the  1st  lime. 

Mr.  Wbitehurst  mentions  dykes  of  toadstone  on  Bonsai 
moor,  and  says  that  in  the  mine  called  Slack  in  that  quarter 
one  of  these  formed  a  cross  course,  iutersecttng  the  metalliferous 
vein ;  the  description  if  correct  proves  that  this  must  have  been 
a  true  dyke,  although  Mr.  F.  observes  that  the  only  instance  of 
such  a  phenomenon  which  had  fallen  under  his  observation^ 
was  a  smalLvein  of  hard  toadstone  (only  si^^  inches  wide)  partly 
filling  a  fissure  on  the  3rd  toadstone  stratum.  The  upper  part 
of  the  fissure  was  occupied,  not  by  toadstone,  but  a  brittle  and 
¥ery  inflammable  coal ;  which  perhaps  may  have  been  indurated 
bitumen,  traversed  by  septa  of  calcareous  spar. 


Y.    GREENSTONE  BEDS  OF  GRIFFE  IN  THE 

WARWICKSHIRE  COAL-FIELD,  AND 

NEAR  THE  LICKEY. 

A.  Pursuing  the  road  to  Coventry  from  Nuneaton,  a  hill 
ef  slight  elevation  is  ascended,  about  half  a  mile  from  the  latter 
town.  This  consists,  as  far  as  the  summit,  of  the  common- shale 
ef  the  coal-measures  dipping  south-west  in  an  angle  of  between 
S3  and  4QP,  At  the  y/erj  summit  the  greenstone  may  first  be 
traced  on  the  western  side  of  the  road,  which  in  its  descent 
towards  the  adjoining  valley  on  the  south,  called  Grifie  Hollow^ 
is  deeply  cut  in  the.  greenstone;  but  it  is  there  in  so  decom^ 
posing  a  state  that  its  characters  can  scarcely  be  discerned; 
towards  the  bottom,  the  greenstone  appears  to  be  covered  by^ 
as  at  the  top  of  the  hill  it  appeared  to  rest  upon,  shale ;  and 
its  position  at  this  junction  is  such  as  seems  to  indicate,  that  it 
forms  a  conformable  bed  in  the  shale,  rather  than  a  dyke  ;  belovi^ 
in  Griffe  hollow  itself,  which  crosses  the  road  at  right  angles,  a 
second.mass  of  greenstone,  very  well  characterised  with  distinct 
but  small  crystals  of  felspar,  appears  a  little  on  the  west  of  the 
Toad,  and  crosses  the  hollow  in  a  south-east  direction  (the  ge* 
neral  bearing  of  the  strata)  and  proceeding  a  little  way  east  id 
the  ravine,'greenstone  rocks  again  appear  on  its  north  border, 
exactly  in  the  line  of  bearing  which  the  greenstone  first 
mentioned  must  have  pursued  if  a  regular  stratum,  underlying 
the  second,  and  separated  from  it  by  interstratlfied  shale.     On 
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die  whole  there  seems  therefore  every  reason  to  beliete  these 
masses  to  be  here  at  least  conformably  interposed  among  the 
other  beds.  The  greatest  distance  to  which  the  author  of 
these  obsenrations  traced  them,  did  not  exceed  one  third  of  a 
mile;  but  he  was  informed  thej  extended  nearly  a  mile 
farther  in  a  south-east  direction.  On  the  north-west  he  could 
not  learn  that  they  had  been  ever  noticed.  No  dykes  were 
known  to  exist  in  the  neighbouring  collieries,  and  they  were 
rather  free  than  otherwise  from  faults.  No  alteration  was 
noticed  in  the  shale  near  its  contact  with  the  greenstone  at  the 
<mly  spot  where  the  junction  could  be  observed ;  namely  the 
section  presented  by  the  deep  cutting  of  the  Nuneaton  road. 
The  thickness  of  these  beds  cannot  be  accurately  observed  ^ 
but  they  probably  exceed  thirty  feet  each. 

B.  Professor  Buckland  noticed  some  dykes  of  trap  near 
tiie  broken  traces  of  the  coal  formation  on  ithe  north  of  the 
Uckey  on  the  opposite  side  of  Warwickshire. 


VI.    TRAP  ROCKS  OF  STAFFORDSHIRE. 

A.     Rowley. 

The  principal  mass  of  these  occurs  in  the  southern  part  of 
the  county ;  overlying  the  coal-field  which  surrounds  the  town 
of  Dudley.  It  there  constitutes  the  material  of  a  group  of 
hills,  beginning  on  the  south  of  that  town,  and  terminating 
about  half  way  between  Hales  Owen  and  Oldbury,  a  little 
beyond  the  village  of  Rowley.  They  appear  at  first  sight  to  be 
a  continuation  of  the  limestone  hills  to  the  north  of  Dudley,  as 
they  proceed  nearly  in  the  same  direction,  and  have  the  same 
elevation,  though  their  size  is  not  so  great.  But  these  hills  are 
composed  of  very  different  constituents,  and  lie  in  a  very  dif- 
ferent position  with  respect  to  the  coal-formation  of  this  country. 
They  consist  of  very  pure  basalt,  which  in  the  neighbourhood 
of  Birmingham  is  called  Rowlei/  rag,  because  the  village  of 
Rowley  is  situated  on  one  of  these  basalt  hills,  and  this  hill 
appears  to  the  eye  to  be  the  highest  of  the  whole  range.  The 
names  of  these  hills,  beginning  at  Dudley,  and  proceeding  in 
the  order  of  their  position,  are  as  follow :  Corney,  Tansley, 
Bare,  Cook's  Rough,  Ash  or  Cox's  Rough,  Turner's,  Pearl, 
Hailstone,  Timmins,  Rowley,  Whitworth.  These  hills  are  alF 
covered  with  soil;  but  quarries  have  been  opened  in  several 
of  them,  and  the  basalt  of  which  they  are  composed  is  em- 
ployed for  mending  the  roads.  The  streets  of  Birmingham  kre 
iikdwise  p4ved  with  itf 
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'  This,  basalt  has  a  greyish-black  colour.  Its. fracture  Is  small 
conchoidal,  and  nearly  eYeu,  with  here  and  there  a  little, 
tendency  to  the  splintery.  Its  lustre  is  glimmering^  oiring  XB' 
yery  small  black  crystals  being,  interspersed.  They  appear  to 
b^  prisms.  Their  lustre  would  indicate  them  to  be  augite; 
but,  as  their  colour  is  black,  I  rather  consider  them  as  horn- 
blende. The  basalt  is  opake,  brittle,  not  easily .  frangible, 
breaks  into  fragments  with  sharp  edges^  and  the  paviours  ia 
Birmingham  complain  that  they  csinnot  break  it  into  the  shape 
adapted  for  paving  the  streets.  It  is  hard  enough  to  cut  glass, 
and  to  strike. fire  with  a  steel.  It  melts  before  the  blow-pipe ; 
and,  when  heated  in  an  open  fire,  becomes  magnetic,  and  loses 
^hree  per  cent,  of  its  weight. 

Dr.  Withering  seems  to  have  missed  the  lime  and  soda, 
which  no  doubt  exist  in  Rowley  rag.  But  the  analysis  of 
minerals  was  at  that  time  in  so  imperfect  a  state,  that  we  have 
more  reason  to  admire  the  accuracy  which  he  actually  attained,, 
than  to  be  surprised  at  the  mistakes  into  which  he  felh  The 
basalt  in  these  hills  has  a  very  distinct  columnar  structure. 

The /above  account,  which  gives  a  clear  summary  .of  the 
geology  of  these  hills,  is  extracted  from  a  memoir  of  Dr. 
Thomson,  but  it  should  be  in  justijce  added  that  Mr.  Keir, 
the  first  investigator  of  this  district,  whose  observations  are 
Inserted  in  the  1st  volume  of  Shaw's  history  6f  Stafibrdshire, 
left  nothing  to  succeeding  enquiriers  but  the  task  of  compilationV 
These  hills  at  their  border  evidently  overlie  the  coal<^formati6ii 
which  has  been  pursued  to  some  distance  beneath  them»  But 
it  i$  very  possible  that  they  may  nevertheless  be  connected 
with  a  vast  dyke,  penetrating  the  strata  beneath  their  centre; 
and  overlying  only  at  its  edges.  This  was  the  opinion  ot 
Mr.  Kier. 

It  should  be  observed  that  the  columnar  structure,  though 
very  frequent,  is  far  from  universal  in  this  trap,  which  very 
commonly  occurs  in  large  spherical  masses  decomposing  on  the 
surface  into  concentric  layers^  as  described  in  the  general 
account  of  the  rocks  of  this  formation  at  the  beginning  of  the 
;irticle.  An  amygdaloidal  variety  containing  calcareous  spar 
and  zeolite  occurs  on  the  south  of  the  town  of  Dudley*  The 
bighest  point  of  the  Rowley  Hills  is  stated  by  Dr.  Thomson  ta 
be  900  feet  above  the  Thames  at  Brentford,  this  height  haying 
been  deduced  from  observations  on  the  canal  levels. 

B.     Trixp  in  the  ColUery  of  Birch  Hill  near  WalsaU* 

This  colliery,  as  described  by  Mr.  Aikin,  presents  many 
interesting  facts  connected  Vith  our  present  subject;  it  Is 
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bmmcled'on  tbe  north- west  by  a  fault  called  by  the  mln^n  the' 
greeo  rock  fault,  and  on  the  surface  above  this  fault  appears  a 
low  hanrow  hillock  of  greenstone  ;<  all  the  beds  rise  with  an 
angle  rapidly  increasing  as  they  approach  this  fault,  advancing 
in  a  few  yaids  from  6°  to  ^\ '  Among  tlie  beds  worked  in  the 
colliery 9.  is  one  of  greenstone  similar  to  that  of  the  neighbouring^ 
J^lUock.  This  bed  is  in  appearance  conformably  interst ratified 
where  it  is  pierced  in  the  workings ;  but  varies  remarkably  in' 
thickness,  being  in  one  shaft  ^,  and  in  a  second  only  12  feet* 
In  a  third  shaft,  which  crosses  the  strata  usually  aJtiove  and 
below  it,  it  is  entirely  wanting ;  and  it  is  observable  that  its 
thickness  increases  In  approaching  the  green  rock  fault.  From^ 
these  appearances  Mr.  Aikin  concludes  that  the  green  rock  hil<* 
lock  is  part  of  a  thick  vertical  dyke  of  greenstone ;  and  that  this 
seeming  bed  is  only  a  wedge-shaped  prolongation  of  that  dyke 
intruded  among  the  regular  strata ;  if  so,  it  affords  an  example 
pf  the  case  represented  in  the  beginning  of  this  article  on  Dr. 
Mac  Culloch'S  authority;  but  it  is  fair  to  state  that  the 
absolute  junction  of  the  bed  and  fault  have  never  been  laid 
open.  The  faults  affecting  the  other  bed  of  the  coUieiy,  affect 
this  likewise ;  which  is  an  important  fact,  as  proving  that  it 
existed  among  the  coal-measures  (however  introduced)  before 
the  convulsions  producing  those  faults  took  place. 
;  The  substrata  immediately  beneath  this  bed  of  greenstonv 
appear  to  be  altered  by  it,  differing  in  their  character  where 
it  does  not  exist;  thus  the  sandstone  immediately  beneath  it 
is  indurated,  and  the  shale  and  coal  bieneath  (thou^  preserved 
frotn  actual  contact  by  that  sandstone,)  are  yet  deprived  of 
their  bitumen  and  much  altered  in  other  respects* . 

The  rock  in  question  appears  to  be  a  greenstone  cbnsisthig 
principally  of  felspar  and  amorphous  hornblende,  and  also 
contains  carbonate  of  lime^  In  the  Annals  of  Philosophy  for. 
Sept.  181 89  is  a  farther  account  of  the  ridge  of  greenstone  men- 
tioned in  the  beginning  of  this  article.  This  ridge  appears  to 
extend  a  mile  in  length,  varying  in  breadth  from  half  a  mile  to 
40  yards  :  at  the  point  of  it  called  Pouck  hill  a  quarry  has  beea 
opened,  which  exhibits  columnar  masses  of  basalt  dipping  to- 
wards a  central  point  which  is  traversed  by  a  vertical  dyke. 
Prehnite,  mesotype,  and  sulphate  of  barytes  occur  in  this 
quarry. 

VII.    SECONDARY  TRAPS  OF  SHROPSHIRE. 

In  the  south-cast  angle  of  this  county,  the  twin  mountains 
ealled  the  Titterstone  Glee  Hill  and  the  browii  Glee  Hill  rise  to 
ail  imposing  height:  they  have  before  been  mentioned  in  this 
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▼olome  on  account  of  the  coal-measures  of  their  central  regions. 
Both  these  mountains  have  their  summits  composed  of  a  basalt 
exactly  resembling  that  of  Rowley,  and  in  each  this  basalt 
forms  a  double  ridg^. 

The  trap  here  clearly  occurs  in  orerlying  masses,  forming 
tops  to  the  mountains,  and  distinctly  reposing  on  the  coal« 
measures.  It  thus  agrees  in  position  with  the  Rowley  Hills ; 
and  l)oth  their  points  are  distinctly  visible  from  each  other. 
Mr.  Bakewell  states  that  he  observed  in  connexion  with  the 
basaltic  cap  of  the  Titterstone  Clee,  a  vast  fissure  or  dyke  more 
than  100  yards  wide  filled  with  the  same  basalt  which  inter*^ 
sected  the  hill,  cutting  through  the  coal-fields.  It  rises  from 
an  unknown  depth  and  appears  to  have  forced  a  part  of  the 
coal  to  the  surface.  Where  the  basalt  comes  in  contact  with 
the  coal,  it  has  injured  its  quality  and  reduced  it  to  a  sooty 
state. 

In  the  lower  grounds,  on  the  east  of  the  Clee  hills  at  Hewlet^ 
sm  amygdaloid  occurs,  with  calcareous  glands ;  but  its  position 
and  relations  are  not  stated. 

The  greenstone  which  occurs  on  the  limits  of  the  Coalbrook* 
dale  Coal-field  at  Steeraway  aod  Little  Wenlock  Hills,  appears 
rather  to  be  associated  with  the  transition  limestone  than  with 
the  coal-measures ;  and  therefore  will  most  properly  be  classed 
sad  described  among  the  traps  associated  with  the  transi^on 
rocks.  To  many  it  may  indeed  appear  that  the  trap  rocks 
have  so  maiiy  marks  of  a  peculiar  origin,  as  to  render  the  sab« 
division  of  them,  according  to  the  formations  into  which  they 
have  been  perhaps  intruded,  improper.  But  that  subdivisioa 
may  (however  the  theoretical  question  be  viewed)  be 
defended  on  the  ground  of  convenience;  and  to  neglect  it 
would  be  to  pronounce  a  decided  opinion  on  a  much  controverted 
hypothesis ;  a  province  which  this  work  entirely  disclaims. 

On  the  south  of  the  Clee  hills,  in  Worcestershire,  the  summits 
ef  the  Abberley  Hills  also  present  trap  rocks:  but  in  thig 
instance  again,  they  appear  to  be  associated  with  transition 
limestone. 
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CHAPTER  VL 

Comparative  view  of  the  distribution  of  the  great  Coal* 
formation  in  other  countries. 

Having  in  the  preceding  chapter  concluded  oar  examinatioii 
of  the  English  coal-districts,  we  may  usefully  close  the  present 
book  with  a  rapid  survey  of  the  distribution  of  this  important 
mineral  in  other  countries. 

To  begin  with  Scotland,  as  most  nearly  connected  with  our 
proper  field  of  enquiry,  we  find  in  Dumfriesshire  (where  th^ 
great  central  Penine  chain  of  Northern  England  joins,  almost  at 
right  angles,  the  great  southern  transition  chain  of  Scotland) 
many  limited  coaUfields  reposing  against,  or  forming  narrow 
basins  in,  the  Tallies  of  the  latter  chain  ;  these  are  associated 
with,  and  rest  upon  as  usual,  thick  beds  of  the  carboniferous 
limestone*  (See  Jameson's  Mineralogy  of  Dumfries ;  and  for  an 
account  of  the  limestone  quarries,  Sowerby's  Min.  Conchology^ 
ToL3.) 

But  the  principal  coal  district  of  Scotland,  occupies  the  tract 
forming  what  may  be  called  the  great  central  valley  of  Scotland 
(speaking  relatively,  for  considered  in  itself  its  surface  is  very 
considerably  varied),  which  lies  between  the  great  transition 
chain  on  the  south,  and  the  still  loftier  primitive  ranges  of  the 
highlands  on  the  north.  The  whole  of  this  wide  tract  is  occu- 
pied by  the  coal-measures,  the  carboniferous  limestone,  and 
the  old  red  sandstone,  associated  in  every  possible  manner  with 
vast  accumulations  of  every  variety  of  trap.  A  good  general 
description  of  this  tract  will  be  found  in  Bouet's  ^  Geologie  de 
FEcosse' ;  a  memoir  by  Mr.  Bald,  ih  the  third  volume  of  the 
Wernerian  Transactions,  on  the  Clackmannan  coal-field,  though 
referring  to  one  point  only,  furnishes  the  most  precise  infor- 
mation concerning  the  more  detailed  structure  of  the  coaU 
measures ;  and  many  particulars,  together  with  a  good  list  of 
the  organic  remains  found  in  the  carboniferous  limestone  (which 
agree  with  those  occurring  in  England)  may  be  seen  in  the 
history  of  the  parishes  of  Ruthenglen  and  Kilbride,  near  Glas- 
gow. Williams's  Mineral  history  (republished  by  Dr.  Miller) 
famishes  some  materials  concerning  the  eastern  part  of  this 
tract,  but  such  as  are  rather  interesting  to  the  practical  miner 
than  the  geologist. 

In  the  low  district  on  the  east  of  Sutherland,  where  the 
secondary  formations  again  intrude  among  the  primitive  high- 


Digitized  by 


Google 


462      Book  III.    Chap.  VI.    Comparative  view  of  the 

land  chains,  cpal  has  been  discovered  at  Brora ;  but  from  the 
slight  description  incidentally  given  of  this  tract  in  the  memoir 
of  Mr.  Bald  (3  vol.  Trans.  Wern.  Soc),  before  referred  to,  it 
may  be  conjectured  tb^i  this  does  not  belong  to  the  principal 
coal-formation,  but  to  those  'beds  which  occasionally  occur  in 
iliorte  recent  forinations,  being  perhaps  *  of  th6  same  aera  vritl| 
the  coal  of  the  Cleaveland  district  in  Yorkshire. 

In  the  north-east  of  Ireland  we  may  trace  the  prolongations 
of  the  two  great  primitive  and  transition  chains  which  traverse 
Scotland,  and  are  interrupted  on  its  south-west  border  by  th^ 
channel  between  the  two  islands  ^  the  mica-slate  of  the  former 
chain  appearing  to  cross*  from  Cantire  to  Cushendal  in  the  north*^ 
jeast  angle  of  Antrim,  and  (after  a  partial  concealment  by  the 
overlying  of  the  great  basaltic  area)  to  range  along  the  north- 
ern  counties  of  Donegal,  &c. ;  while  the  greywacke  of  the 
latter,  crossing  from  Portpatrick  to  Donaghadee,  extends  thence 
towards  the  centre  of  the  island.  The  formations  of  the  great 
central  valley  of  Scotland  here  likewise  intervene,  and  among 
them  the  coal-measures,  which  may  be  seen  emerging  from 
beneath  the  overlying  basalt  at  Fairhead  on  the  north-east,  and 
again  just  beyond  the  south-west  of  the  basaltic  area  at  Coal 
Island  and  Dungannon;  but  other  parts  of  Ireland  present  fas 
more  important  coal  districts.  Indeed  the  island  may  generally 
be  described  (witli  the  exception  of  the  north-east  basaltic 
area)  as  being  almost  surrounded  with  a  series  of  primitive  and 
transition  groups^  including  a  great  central  area  entirely  occu* 
pied  by  the  old  red  sandstone,  carboniferous  lime,  and  coal«- 
measures.  The  structure  of  these  districts  very  closely  cor* 
jesponds  with  the  tracts  of  the  same  formation  in  England. t 

•  This  connection  between  the  two  countries  is  more  fully  pointed  out 
znd  illustrated  by  a  map  in  the  introduction  to  Dr.  Berger*8  memoir  on  the 
north-eastern  counties  of  Ireland,  Geol.  Trans,  vol.  3.  drawn  up  by  the 
present  writer.  ' 

f  The  following  summary  of  the  Irish  coal-iields  is  extracted  from  Mr. 
Griffiths'  admirable  report  on  the  Leinster  coal-district.  Mr.  Weaver's 
Excellent  memoir  on  the  south-east  of  Ireland  (Geo.  Trans,  vol.  iii.)  should 
also  be  consulted,  as  afibrding  much  important  information  concerning  the 
first  of  the  coal-districts  here  mentioned. 

^  If  we  except  the  Leinster  district,  my  knowledge  of  the  coal  districts  o€ 
Ireland  is  as  yet  very  limited.  And,  though  each  in  its  turn  will  form  the 
subject  of  a  separate  report,  I  think  it  right  to  draw  attention  to  them 
in  this  place,  by  giving  such  general  information  as  I  possess,  respecting 
their  situation  and  circumstances.  rCoal  has  been  discovered  in.  more  or 
Jess  quantity  in  seventeen  counties  *  of  Ireland ;  but  I  believe  the  islamd 

*  The  counties  are,  Antrim  near  Ballycastle ;  Donegal  north  of  Mount 
Charles;  Tyrone  in  the  Ulster  coal  district,  and  at  Drumquin;  Fermanagh, 
moith  continuation  of  the  Connaught  coal  district,  and  at  Petigoe;  Mo- 
iiaghan  ^near  Carrickmacross  ^  Cavan  near  Belturbet ;  Leitrim  and  Rgi* 
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We  may  now  pass  to  the  Continent,  and  will  first  mention, 
Sweden  because  it  seems  scarcely  too  bold  a  generalisation  to 

coataiiis  but  four  principal  coal  districts,  viz*  the  Leinster,  the  Munster, 
the  Connaught,  and  the  Ulster.  The  two  former  contain  carbonaceous  or 
8tone-coa],-f  and  the  latter  bituminous  or  blazing  coal. 

The  I^inster  coal  district  is  situated  in  the  counties  of  Kilkenny,  Queen's 
county,  and  county  of  Carlow.  It  also  extends  a  short  dbtance  into  the 
county  of  Tipperary,  as  far  as  Killenaule.  This  is  the  principal  carbona* 
ceous  coal  district.  It  is  divided  into  three  deuched  parts,  separated  from 
each  other  by  a  secondary  limestone  country,  which  not  only  envelopes, 
but  m  continuation  passes  under  the  whole  of  the  coal  district ;  a  fact, 
which  was  indisputably  though  accidentally,  proved  by  the  Grand  Canal 
Company,  who  sunk  a  pit  through  eighteen  yards  of  black  slate-clay,  and 
flinty  slate,  into  the  limestone  in  search  of  coal.  The  Leinster  coal  district 
is  therefore  of  subsequent  formation  to  the  limestone. 

The  Munster  coal  district  occupies  a  considerable  portion  of  the  counties 
of  Limerick  and  Kerij,  and  a  laree  part  of  the  county  of  Cork.  It  is  by 
much  the  most  extensive  in  Ireland ;  but  as  yet  there  is  not  sufficient  infor- 
mation respecting  the  number,  extent,  or  thickness  of  the  beds  of  coal  it 
may  contain. 

Coal  and  culnrfor  near  a  century  have  been  raised  in  the  neighbourhood 
of  Kanturk  in  the  county  of  Cork.  At  Dromagh  colliery  I  understand  the 
work  has  been  carried  on  to  a  ver  jr  considerable  extent,  and  its  annual  sup- 
plies of  coal  and  culm  have  materially  contributed  to  the  agricultural  im- 
provement of  an  immense  extent  of  the  great  maritime  and  commercial 
counties  of  Cork  and  Limerick,  which  must  otherwise  have  continued  ne- 
glected and  unreclaimed. 

Many  circumstances  combine  to  make  the  examination  of  this  district  of 
peculiar  interest  and  importance,— and  as  a  recent  application  has  been 
niade  by  the  Cork  Institution  to  the  Dublin  Society,  to  aid  the  undertaking, 
it  is  probable  that  this  immense  district  will  shortly  be  minutely  explored  ; 
from  all  that  has  been  ascertained  it  is  very  clear  that  the  dip  of  the  beds 
and  the  quality  of  coal  differ  materially  from  those  of  the  Leinster  district. 
In  the  Munster  district  the  beds  run  east  and  west,  and  dip  to  the  south, 
forming">^  angle  of  forty-five  de^ees.  In  the  Dromagh  colliery,  where 
all  the  beds  which  have  been  discovered  have  been  successively  and  in 
general  successfully  wrought,  four  beds  incline  on  each  other,  and  at  no 
greater  distance  than  200  yards.  The  first  of  these  beds  it  a  three  feet 
stone-coal,  and  is  the  leadmg  bed.  All  faults,  checks,  and  dislocations, 
similar  to  those  which  are  discoverable  in  this  bed,  are  in  general  to  be 
encountered  in  the  other  three;  the  names  of  the  four  beds  are,  the  coal-bedi 
this  lies  furthest  to  the  north;  the  rock-coal \  so  called  fromlts  being  com- 
paratively of  harder  quality  than  the  other  beds;  the  bulk  hed\  so  called 
from  its  contents  being  found  in  large  masses  or  bulks;  and  BatK*  he^;  so 
called  from  the  name  of  a  celebrated  English  miner,  by  whom  it  had  beeii 
many  years  ago  discovered  and  worked ;  the  coal-bed  consists  of  three  feet 
solid  coal,  and  is  not  sulphureous ;  the  rock-coal,  is  nearly  of  the  same 
thickness  with  the  leading  bed,  but .  is  very  sulphureous,  and  having  the 
soundest  roof  is  the  most  easily  wrought.    The  other  beds  are  of  the  culm 

common  in  the  Connaught  coal  district;  Westmeath  near  Athlone ;  Queen's 
county,  Kilkenny  and  Carlow,  in  the  Leinster  coal  district ;  Tipperary, 
continuation  of  the  same;  and  Clare,  Limerick,  Kerry,  and  Cork,  in  the 
Munster  coal  district, 
t  Slaty  Glantz  coal  of  Werner. 
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consider  the  prlirHtire  ranges  which,  penradlng  Norway,  extend 
dyer  the  greater  part  of  that  country  ii^to  Fmhnfid,  as  a  con- 

A>ecies,  but  of  peculiar  strength.  Each  barrel  of  culm  haslicen  ascertained 
to  bum  from  nine  to  ten  barrd«  of  lime.  The  bulk  bed  forms  inmiense 
bulks  and  masses  of  culm,  in  which  the  miners  have  frequently  been  unable 
tb  retain  the  ordinary  directions  of  roof  and  seat. 

No  work  has  been  undertaken  in  the  Mpnster  coal  district  to  a  greater 
depth  than  80  yards.  The  present  work  at  the  Dromtgh  colliery  is  at  that 
depth.  It  fs  heavily  watered,  and  consequently  expensively  wrou^t.  The 
quality  of  the  coal  and  culm  im|)rove8  as  the  work  descends.  ^Ir.  Leader, 
who  is  the  proprietor  of  the  Dromaeh  colliery,  has  kindly  communicated 
to  me  all  the  surveys  and  reports,  which,  from  time  to  time,  have  been  re- 
ceived from  the  persons  who  have  inspected  and  directed  the  works.  The 
peculiar  proximity  of  the  beds,  and  the  extraordinary  diversity  of  their  con- 
tents in  the  Munster  district  make  the  minute  exammation  of  this  coaUfield 
of  deserved  interest  and  importance  to  this  country.  The  time  I  trust  is 
not  remote,  when  the  great  coal-field  on  the  left  bank  of  the  Blackwater 
will  be  found  to  contain  mineral  treasure  altogether  inexhaustible,  and  by 
the  liberalitv  of  Parliament,  and  the  judicious  and  patriotic  exertions  of  the 
Directors  ol  Inland  Navigation,  fully  adequate  to  all  purposes  of  domestic 
Convenience,  and  of  national  utility. 

The  Connau^ht  coal  district  stands  next  in  order,  of  value,  and  import- 
ance, to  the  Lemster  and  Munster,  and  possibly  may  be  found  to  deserve 
the  first  place,  when  its  subterranean  treasures  shall  oe  explored:  At  pre- 
sent nothin?  is  known,  except,  that  the  outer  edges  of  several  beds  of  co^ 
have  been  observed,  but  they  have  not  been  traced  to  any  distance ;  so  that 
^heir  extent  is  by  no  means  ascertained.  Th'f  coal  is  of  the  bituminous 
species.  This  coal  is  particularly  adapted  to  the  purposes  of  iron  works, 
foundries,  &c.  &c. ;  and  the  grey  pig  iron  made  at  the  Arigna  irou  works 
fs  among  the  very  best  smelted  in  the  empire.  Lou^  Allen,  the  source  of 
the  river  Shannon,  forms  a  basin  in  the  midst  of  this  great  district,  which 
on  this  account  appears  to  be  formed  by  nature  for  industry  and  com- 
merce ;  but  the  navigation  has  been  neglected,  and  is  at  presem  in  such  a 
Mate,  that  none  but  boats  of  trifling  burden,  can  ply  on  the  river,  between 
Lough  Allen,  and  Lanesborough.  However,  the  Directors  General  of  in- 
land navigation  in  Ireland  are  at  present  employed  in  completing  the  Royal 
canal^  between  Coolnahay  and  Tarmonbarry  on  the  river  Shannon ;  and  it 
is  to  be  hoped,  that  they  will  at  the  same  time  complete  a  navigable  com- 
tnunication  between  Lough  Allen  and  the  Shannon;  and  repair  and  im- 
prove the  navi^tjon  of  thit  river  downward  to  Lanesborough.  This  would 
De  a  sufficient  mducemem  to  the  proprietors  of  coal  in  the  neighbourhood 
of  Lough  Allen  to  open  their  works  to  a  considerable  extent,  as  they  could 
Uot  fail  of  having  a  very  large  demand  for  their  produce,  whenever  the 
navigation  between  the  lake,  and  the  Shannon,  shall  be  completed. 
'  The  Ulster  coal  district  is  of  trifling  importance,  when  compared  with 
the  foregoing.  It  commences  near  Dungannon,  in  the  county  of  Tyrone, 
and  extends  in  a  northern  direction  to  Coal  island,  and  in  continuation  to 
the  neighbourhood  of  Cookstown.  No  beds  of  coal  worth  working  have 
hitherto  been  discovered  between  Coal  island  and  Cookstown,  but  certainly 
%he  coal  strata  extend  there.  The  principal  collieries  are  at  Coal  ishmd  and 
t)ungannon.  The  coal  of  this  district  is  bituminous.  I  understand  that 
indications  of  coal  have  been  observed  at  Drumqum,  in  the  county  of 
*ryrone,  and  also  at  PetiEoe  to  the  north  of  Lough  Erhe.  PoswWy  the 
coal-formation  may  extend  from  the  neighbourhood  of  Cookstown,  west- 
ward to  the  north  of  Lou^h  Erne. 

Besides  the  foregoing  prmcipal  coal  districts,  there  are  others  pf  less  con- 
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tiDnation  of  the  range  of  the  Scotch  highlands,  oyer  against 
which  they  lie,  and  with  which  they  closely  agree  in  character. 
And  if  this  be  allowed,  the  coal  which  occurs  on  the  south  of  the 
primitive  tract  near  Ilelsingborg  at  the  entrance  to  the  Baltic, 
will  be  found  on  the  same  geological  line*  with  that  of  the 
central  Scotch  district.  There  exists  coal  also,  as  it  appears, 
on  the  prolongation  of  this  line  in  the  island  of  Bornhoim  ;  its 
farther  extension  might  perhaps  be  found  in  Hussia;  bat  we 
know  too  Uttle  of  that  country  to  speak  with  precision  con- 
cerning it,  and  it  will  be  found  more  convenient  to  postpone 

sequence.  Bituminous  coal  has  been  found  in  the  neighbourhood  of  Bel- 
turbet,  in  the  county  of  Cavan,  and  at  the  collieries  of  Bally cslstle,  in  thfe 
county  of  Antrim;  but  the  Antrim  coal  district  is  not  very  extefisiv^. 
These  collieries  have  been  wrought  for  a  number  of  years.  The  coal  is  of 
a  sUty  nature,  and  ^eatly  resembles  both  the  coal,  aud  the  accompanying 
rocks,  which  occur  in  Ayrshire,  and  probably  they  belong  to  the  same  for- 
mation. A  very  extraordinary  discovery  was  made  at  these  collieries  about 
the  year  1770.  It  is  thus  described  by  the  Rev.  Dr.  Hamilton,  in  his  Letters 
on  the  north  coast  of  the  county  of  Antrinl.  •'  The  miners  in  pushing  for- 
ward an  adit  or  level  toward  the  bed  of  coal,  at  an  unexplored  part  c^ 
the  Ballycastle  cliff,  unexpectedly  discovered  a  passage,  cut  through  the 
rock.  I'his  passage  was  very  narrow,  owin^  to  incrustations  formed  on 
its  sides.  On  tieing  sufficiently  widened,  some  workmen  went  through  it. 
In  minutely  examining  this  subterranean  wonder,  it  was  found  to  be  a  cobv 
plete  gallery,  which  had  been  driven  forward,  many  hundred  yards,  into 
the  bed  of  coal ;  it  branched  out  into  36  chambers,  where  coal  miners  had 
Carried  forward  their  works;  these  chambers  were  dressed  quite  square, 
and  in  a  workman-like  minner;  pillars  were  left  at  proper  intervals  to 
support  the  roof;  and  in  short  it  was  found  to  be  an  extensive  nune, 
wrought  by  a  set  of  people,  at  least  as  expert  as  those  of  the  present  gene- 
ration. Some  remains  of  the  tools,  and  even  of  the  baskets  used  in  the 
works,  were  discovered,  but  in  such  a  decayed  state,  that  on  being  touched 
they  fell  into  pieces.  Some  of  the  tools  appear  to  have  been  wood  thinlj^ 
shod  with  iron. 

The  great  antiquity  of  this  work  is  evident,  from  the  £act,  that  there  do<s 
not  exist  the  most  remote  tradition  of  it  in  the  country;  but  it  is  more 
strongly  demonstrable  from  the  sides  and  pillars  being  found  covered  with 
•parry  tncrustations,  which  the  present  workmen  do  not  observe  to  be  de- 
posit^ in  any  definite  portion  of  time. 

The  whole  of  the  coat  districts,  which,  as  far  as  I  know,  occur  in  Irebn^, 
have  now  been  mentioned.  Trials  have,  however,  been  made  at  Slane  on 
the  river  Boyne,  and  also  in  the  neighbourhood  of  Balbrig?an  and  Rush* 
These  trials  were  however  on  the  edge  of  the  district,  near  the  junction  6f 
thefimestone.  If  the  country  coBt':iin  coal,  it  will  more  probably  be  found 
in  the  interior  than  on  the  edge  of  the  district.  From  this  brief  account  of 
(be  coal  districts  it  appears,  that  very  extennve  tracts  of  coat  country  ^xist 
in  Ireland ;  but  none,  if  we  except  the  Leinster  dktricr,  have  been  ex- 
amined; yet  the  Munster  coal  district  is  in  extent  greater  than  any  in  Eng- 
land, and  may  probably  contain  inexhaustible  beds  of  coal. 

*  We  must  not  be  understood  to  convey  the  idea  that  the  coal  fbrmt 
'eontinuous  strata  having  a  regular  basset  along  these  exfensive  lines ;  but 
•  rather  Ihat  it  constitutes  a  series  of  insulated  deposits,  still  preserving  a 
•geaeral  dit^otkni  regulated  bf  the  gr«at  primili^  <^iaii^ 
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the  few  notices  we  possess,  till  we  have  first  considered  those 
parts  of  £irrope  where  better  iDformation  is  to  be  procured. 

As  we  have  noticed  in  the  above  paragraph,  coal-fields  in 
the  north  of  Europe,  apparently  connected  with  the  central 
system  of  Scotland,  so  we  might  naturally  look  for  the  resump- 
tion of  those  of  the  south-western  English  counties  m  the 
opposite  regions  of  France.  It  is  true,  indeed,  that  in  the  south 
of  Somerset  and  through  Deronshire,  no  coal  has  been  ob- 
served ;  being  probably  concealed  by  the  advance  of  the  over- 
lying deposits  of  new  red  sandstone  which  are  there  in  close 
contact  with  the  transition  chains.  These  transition  chains  cross, 
as  is  well  known,  from  Devon  to  the  peninsula  of  the  Cotentin 
in  Brittany;  and  we  find,  as  might  be  expected,  a  small  coal- 
field reposing  against  their  eastern  side  at  Litry  on  the  south- 
west of  Bayeux ;  farther  south,  where  the  Loire  enters  between 
the  continuation  of  these  chains,  between  Angers  and  Nantes, 
are  more  extensive  deposits  of  this  formation. 

In  the  centre  and  south  of  France  there  are  some  limited 
coal-deposits  lying  in  the  vallies  of  the  Li»ire,  the  Allier,  the 
Creuse,  and  the  Dordogne,  the  Aveyron  and  the  Ardeche  be- 
tween   ridges    proceeding  from   the  primitive   central  group 
>  connected  with  the  Cevennes. 

Several  particulars  concerning  some  of  these  districts  may  be 
found  in  the  account  of  the  geological  speculations  of  Mr. 
Rouelle  in  the  first  vol.  of  the  Geographic  Physique,  forming  I 

,part  of  the  great  Encyclopedie  Methodique ;  the  Annales  des 
Mines  for  1821  contains  several  particulars  of  those  near  St. 
Etienne,  department  of  the  Loire,  and  a  full  account  of  those 
of  the  Aveyron. 

From  the  south  of  France  we  may  proceed  to  Spain,  which 
could  not  so  conveniently  be  included  in  any  other  part  of  our  i 

survey.     Coal  is  here  mentioned  as  occurring  in  eight  places  in  ' 

Catalonia,  in  three  in  Arragon,  and  one  in  New  Castile,  but 
no  particulars  are  given  :  a  list  of  these  localities  may  be  found 
in  Laborde's  view  of  that  country. 

We  now  return  to  the  consideration  of  the  great  carboniferous 
tract  of  Northern  France  and  the  Netherlands.  * 

It  may  generally  be  described  as  extending  westwards  from 

*  Some  Continental  Greologists,  generalising  without  a  sufficient  acquaint- 
ance with  the  particular  circumstances,  have  endeavoured  to  refer  some  of 

>the  English  coal-fields  to  a  prolongation  of  this  line;  hut  as  the  whole  j 

intervening  breadth  of  £n^and,  from  Kent  to  Somerset,  is  occupied  by  i 

more  tecent  iformations  which  effectually  conceal  the  true  connections  of  { 

this. substrata,  and  as  there  is  nothing  in  the  circumstances  of  any  part  of 

,  our  coal  districts  indicating  an^r  relation  with  the  above  beyond  that  which 
always  exists  between  formations  of  the  same  age,  this  view  cannot  be 
maintained. « 
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Hardinghen  near  Boulogne  (only  a  few  miles  from  the  coast  of 
the  channel)  by  Valenciennes,  and  thence  up  the  Scheldt  and 
down  the  Meuse  to  £schweiler  b«?yond  Aix  la  Chapelie ;  and 
still  further  west,  many  of  the  coal  districts  of  Northern  Ger- 
many may  with  great  probability  be  considered  as  a  prolongation 
of  it. 

'  On  the  east  and  north,  the  great  deposits  of  chalk  and  the 
strata  above  the  chalk,  skirt  and  partially  (particularly  within 
the  limits  of  France)  overlie  this  tract.  On  the  south  it  is 
bounded  by  the  transition  ridges  (of  slate,  grauwacke,  &c.) 
which  occupy  the  forest  of  Ardennes,  overhang  the  magnificent 
defiTe  of  the  Rhine  from  Bingen  to  Bonn,  and  thence  extend 
to  the  Westerwald.  This  tract  does  not  consist  of  a  single 
continuous  coal-field,  but  of  many  insulated  and  basin-shaped 
deposits  of  this  formation,  encircled  by  carboniferous  limestone 
and  old  red  sandstone.  In  many  respects  it  bears,  even  down 
to  the  character  of  its  picturesque  scenery,  a  remarkable 
analc^y  to  the  coal  districts  (likewise  consisting  of  many  insu* 
lated  basins)  in  the  south-west  of  England. 

We  find  the  most  westerly  point  of  this  extended  chain  of 
coal-fields  at  Hardinghen,  in  the  great  denudation  exposing 
the  beds  beneath  the  chaUc,  which  comprises  the  Boulonnais 
on  the  French  side  of  the  channel  and  the  Weald  of  Kent  and 
Sussex  on  the  English  ;  of  this  we  have  before  given  t  general 
description.  These  coal-mines,  and  the  quarries  of  the  car« 
boniferous  limestone  associated  with  them,  which  appear  at 
Marquise,  are  situated  at  the  very  foot  of  the  escarpment  of 
the  environing  zone  of  chalk  hills ;  for  the  outcrop  of  all  the 
intermediate  fbrmations  crosses  this  part  of  the  denudation  to 
the  south,  and  as  it  were  withdraws  to  expose  the  coal ;  pro- 
ceeding  westwards,  the  coal  is  worked  at  several  places  within 
•the  general  limits  of  the  pverlying  chalk«formation.  The  envi- 
rons of  Aniche  near  Douay,  and  of  Monchy  le  preux  near  Arras^ 
priesent  deposits  of  this  nature ;  the  mines  surrounding  Valen- 
ciennes are  still  more  extensive. 

In  the  environs  of  Mons,  Charleroy,  and  Namur,  in  a  tract 
surrounding  Liege,  and  lastly  close  to  Eschweiler  on  the  east 
of  Aix  la  Chapelie,  other  very  considerable  coal-fields  are 
worked.  ... 

A 'general  account  of  this  line  of  coal-formation,  may  be 
found  in  Omalius  d'Halloy  ^  Geoiogie  du  Nord  de  la  France,' 
Journal  des  Mities,  and  in  Von  Raumer's  '  Geognostich  Ver- 
suche' ;  taany  interesting  details  are  also  given  in  Villefosse  sur 
la  richesse  minerale,  (torn.  2.  p.  482  £:  seq.)  and  illustrated  in 
the  magnificeHt  atlas  of  that  work  by  sections  exhibiting  the 
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Contortions,  &c.  of  the  beds^  dud  the  mode  o(  workiilf  theAi 
from  PI.  «5  to  27.* 

Proceeding  still  further  along  the  northern  border  of  the 
tame  tranlltion  chains  against  which  all  these  deposits  of  coal 
repose,  we  find  the  more  recent  formations  (prohabl/  of  the 
tertiary  class)  intruding  upon  it,  and  concealing  the  coal  till  we 
croes  the  Rhine  near  Bonti.  On  the  Hghl  bank  of  that  river 
these  again  recede  to  the  north,  and  in  this  direction  we  again 
find  an  extensive  coal-field  proceeding  along  the  small  river 
R«hr  a  little  above  its  junction  with  the  Rhine :  on  the  south 
the  beds  of  this  coal-field  describe  the  segment  of  a  circle^ 
tropping  o«t  against  alternations  of  limestone,  shale,  and  what 
ti  called  gravwacke  (our  old  red  standitone  probably),  which 
Separate  them  from  the  regular  transition  slate  2  on  the  north 
they  are  bounded  by  the  overlying  and  more  recent  deposita. 
Aa  aceomt  and  plans  of  this  district  may  be  foond  itt  Villefosse^ 
torn.  9.  page*  4^4*  &  pkte  34. 

A  little  on  the  south  of  the  same  district  of  transitioB  rockss 
whose  northern  border  we  have  been  hitherto  pursuing^  limite4 
eoal-fieldi  occur  in  th6  country  between  the  Moselle  and  Rhine ; 
1.  beween  Sarrebruck  and  Sarre  Louis  on  the  river  Sarr6,  and 
(secondly)  near  Waidmohr  on  the  banks  of  the  Giane,  extending 
to  its  confloence  with  the  Nahe :  the  beds  of  the  former  coal-field 
fere  described  as  ranging  south-weSt  and  north-east,  and  dtpping 
north-west ;  they  are  covered  with  red  sandstone,  and  also  snrr 
rounded  by  the  same  formation  on  the  points  to  which  they 
rise,  appearing'  therefore  to  repose  upon  it ;  but  these  appetf- 
CBces  are  very  vaguely  described ;  ^^  sur  ces  gr^s  rouges  semblent 
^pielqtielois  i^appnyer  ks  couches  de  hoaille ;"  they  are  proba^ 
Illy  deceptive.  A  careful  examination  of  the  country  between 
this  coal-field  and  the  ndrthem  transition  chain,  is  necessary  to 
ascertain  its.  true  relations.  Villefosse,  torn.  2.  p.  447.  k  PI.  ^. 
woBLj  be  consulted  on  this  district. 

Pursuing  the  line  of  Northern  Grermany,  a  tract  containing 

*  The  ierie*  of  b«di  between  the  coai-meatures  and  the  transition  chatnt 
on  the  toutli,  exactly  correspon^^s  with  -chose  occurring  in  England.  The 
following  list  is  extracted  from  Omafius  d*Halloy,  with  the  English  equiva- 
lents annexed* 

Coal  strata the  same. 

fibale  and  grit  ....'.'^..'i«...«.;.#.«...'.MiUstooeg^iraad  shale. 

Umestone  alternating  with  slate*clay  ....Carboniferous  GmeitOBe. 

Red  and  variegated  grits  alternating'! 

^JS!t'****^,^ -(oidredalndstone. 

YcHowgramilar  qoartj: * ^  v»u  rcu  *uiu»iuuc.  . 

Grit  ana  breccia  .••^.^..^ •••..»•. 3 

Clay-slate ^..^ Transition  slate. 

The  organic  remains  and  metalliferous  de{5osits  Of  th€  limestone  fmditf- 
lying  the  coal,  exactly  coincide  with  thot>e  of  England. 
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<»>al  appears  to  range  many  miles  on  die  south-west  and  s^uth 
of  Hanover  between  Osnabmek  and  Hildesheiin^  bat  we  cannot 
refer  to  any  description  of  it ;  it  may  probably  form  the  pro-* 
longation  of  the  northern  line  of  coal-fields  which  we  lately 
traced  as  far  as  the  Rujir. 

On  the  north-east  and  sooth-east  of  the  Hartz  monntaiiiSf 
■ear  Ballenstadt  and  Neustadt,  coalomeasuves  repose  on  the 
transition  rocks  of  that  group ;  they  are  covered  by  porphjry 
associated  with  the  rothe  todte  liegende,  to  which  succeed  the 
cupriferous  marle^slate,  &c.  corresponding  with  the  newer  red 
sandstone  and  magnesian  limestone  of  England.  Coal-measures 
occur  beneath  the  porphyries  of  the  environs  of  Halle  under 
similar  circumstances.  An  account  of  these  districts  may  he 
found  in  Fretsleben'g  ^  Kupfer  ^chiefer  gebirges." 

In  Saxonj,  ooal-metanres  are  found  in  many  places  skirting 
the  northern  base  of  t)ie  Ersegebirge  mountains.  There  are 
extensive  mines  at  Schonfeld  near  Zwickau,  and  at  Planenschen 
grund  near  Dresden.  At  Schonfeld  the  coal  alternates  with 
porphyry,  above  which  occur  the  following  beds.  1.  A  con-^ 
glomerate  of  porphyry  and  gneiss.  2.  Bituminous  shale  with 
vegetable  impressions.  3.  Red  sand.  At  Zwickau  the  beds 
(begioning  with  the  lowest)  1.  Wacke.  8.  Basalt.  S.  Nine  or 
ten  coal-beds  alternating  with  white  grit  and  shale  cootaioing 
vegetable  impressions.  4,  Sandstone.  5.  Red  grit.  The  coal- 
field of  Planenschen  grund  is  more  extensive  than  either  of  the 
former ;  here  a  range  of  sienite,  extending  on  the  right  bank 
of  the  Weissertti,  forms  the  fundamental  rock  on  which  a 
secondary  porphyry  reposes;  then  succeed  four  beds  of  coal 
aiteruatittg  with  grit  and  shale,  and  inclined  at  an  angle  of  65^ 

There  •  is  no  bitumen  in  the  coal  of  Schonfeld ;  although 
it  abounds  at  Planenschen  grund :  the  same  fossil  vegetation  is 
presented  in  all  th^se  mines.  (See  Sternberg '  Flora  zurVorwelt.') 

We  are  not  able  to  refer  to  any  particular  account  of  the 
prolongation  of  the  coal-measures  on  the  northern  side  of  the 
great  primitive  chain  which  traverses  central  Europe,*  proceed- 
ing westwards  from  the  Elrzegebirge  under  the  names  of  the 
Riesei^ebirge  and  Carpathian  mountains.  Count  Stember|^ 
however,  is  of  opinion  that  such  a  continuation  may  be  traced, 
extending  through  Poland  into  Moldavia  and  Wallachia. 

On  the  south  of  the  Erzegebirge  and  Riesengebirge  the  baaia 
"of  Belieniia,  extending  aloag  the  course  of  the  Beraun  and  Iser, 
and  including  the  adjoining  parts  of  Upper  Silesia  between 
jLandshnt  and  Silberberg,  presents  a  very  extensive  coal-district. 

This  may  generally  be  described  as  lying  between  the  great 
primitive  chain  above-mentioned  on  the  north,  and  the  great 
district  of  primitive  slate  which  occupies  the  larger  part  of 
Bohemia  south  of  the  Beraun  and  upper  Elbe ;  but  ca  ks  north- 
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era  boundary)  near  the  point  wliere  the  Elbe  breaks  ovtt  across 
the  Erzegebirge^  the  range  oC  the  Mittlewalde)  consisting  of 
summits  of  the  floetz*trap  formation  resting  on  wood-coal  or 
lignite  (of  much  more  recent  origin),  is  interposed  between  the 
true  coal  and  the  primitive  chains :  trap  summits  are  likewise 
scattered  over  this  edge  of  the  coal*field. 

On  the  south-west,  the  coal  of  Bohemia  appears  to  form  m 
number  of  small  detached  basins  scattered  along  the  line  of  the 
Beraun,  and  reposing  on  what  are  called  transition  rocks,  bat 
which  may  possibly  answer  to  our  own  carboniferous  limestone 
and  old  red  sandstone.  On  the  north-west  towards  Silesia,  the 
coal-district  becomes  more  continuous  and  extensive;  it  is 
here  covered  by  red  sandstone  associated  with  porphyry  as-in 
the  neighbourhood  of  Hartz  and  Saxony :  we  have  before, 
assigned  our  reasons  for  believing  these  to  be  cotnnected  with 
the  newer  red  sandstone  of  England.  (See  the  section  on  the 
foreign  localities  of  that  formation.) 

This  coal-district  of  Bohemia  and  Upper  Silesia  appears  to 
be  bounded  on  all  sides  by  primitive  and  transition  rocks  ;  by 
those  we  have  already  mentioned  on  the  north  and  south,  by 
the  Fichtelgebirge  and  Bohemer  Wald  on  the  west,  and  on  the 
east  by  the  chains  which  extend  from  Glatz  round  the  head  of  the 
Adler  to  join  the  primitive  slate  district  of  Southern  Bohemia. 

More  than  forty  beds  of  coal  are  supposed  to  be  worked  in 
the  Bohemian  district 

The  geological  Map  and  Sections  of  Bohemia  by  Riepb 
(Vienna  1819),  and  the  ^  Flora  Zur  Vorwelt'  by  Count  Stern- 
berg,  afford  much  information  concerning  the  Bohemian^  part  of 
this  coal  district ;  and  the  Map  and  description  of  Von  Raumur 
add  the  particulars  of  its  extension  into  Upper  Silesia. 

The  coal-strata  and  grit  of  this  district  appear  to  agree  closely 
with  those  of  England,  and  the  vegetable  impressions  preserved 
in  them  to  be  generally  of  the  same  genera  and  species. 

Coal  is  said  to  occur  on  the  north  of  Constantinople. 

In  Russia  there. are  said  to  be  indications  of  coaLin  several 
provinces,  but  the  notices  are  too  vague  and  uncertain  t9  be 
relied  upon. 

In  Asia  coal  occurs  extensively,  and  has  long  been  worked 
in  China. 

America  is  known  to  afford  very  extensive  coal-fields  on  the 
west  of  the  Alleghany  chain  towards  the  plains  of  the  Missisippi. 

In  the  Australasian  Archipelago,  coal  occurs  very  plentifully 
associated  with  sandstone  in  Van  Dieman's  Land. 

END   OF   PART   I. 

FhiU'tpt,  Printcrt  London. 
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DESCRIPTION  OF  THE  ANNEXED  PLATE, 

chiefly  of 

C^hgieal  and  Mineralogical  Instrumetiis  and  Jjyparaiusy 

Taken  from  the  Catalogue  of  Uie  Manufacturers, 

^.  UJ*  Q.  KNXGHTy  Foster  Lane,  London, 


UcS»— Geological  Hammers  of  the  form  r,ecommendcd  by  Dr.  MacQullo'ch; 
as  the  best  adapted  for  detaching  specimens  from  tiie  obtusely  anguTat 
surfaces  of  rptCKs.  These  vary  in  size  from  2*  to  5  lb.  5$  to  10s  each. 
3.— Resembles  a  Miner's  Pick,  and  is  useful  for  detaching  a  fossil  or  other 
object  by  remoying  the  surrounding  matrix.  In  order  to  render  the 
hammer  more  portable,  the  halidle  is  made  detachable  from  the  h(^ad 
without  difficulty. 
4. — Is  a  hammer  for  breaking  minerals;  one  face  is  square  and  the  other 

sharp  or  chissel-shaped,  and  usually  weighs  from  1 2  to  20  ounces. 
5  &€.-  •TrimmiAl^  Han^mers  of  forms  best  adapted  for  reducing  specimens 
of  minerals  and  rocks  to  suitable  forms  and  dimensions  for  the  cabinet. 

.  7«_A  small  sqUate-headed  Hammer,  with  a  steel  chisi^el-shaped  handle 
in  length  8  inches,  is  particularly  adapted  for  the  pocket,  and  may  be 
had  With  9  leather  case.  It  also  forms  a  part  of  the  Portable  Minera- 
logical Chest  for  travellers.  4s  to  78. 
8. — A  Mineralo^cal  Anvil,  an  instrument  particularly  well  adapted  fojr 
facilitating  the  reduction  of  large  or  ill-formed  spedmens  to  a  more 
desirable  shape  for  the  cabinet.  It  is  of  iron,  and  weighs  about  9  lb; 
Price  5s. 
9k — ^An  iroprpve^l  Clinometer  for  determining  with  greater  facility  th? 
direction,  inclination  and  dimensions  of  strata.     15s  to  20s. 

iO«— Tbe  Qotiiometer  improved  by  Mr.  Pepys.  Is  perhaps  the  best  pocket 
instrument  of  the  kind  in  use.  It  consists  of  two  pair  of  forceps  de- 
tached from  the  scale,  which  greatly  facilitate  their  application.     Ids. 

11. — A  Steel  Mortar  upon  an  improved  principle,  for  the  reduction  of 
gems  and  other  hard  substances  for  analysis.     14s. 

IS. — Iron  Mortars  with  iron  or  steel  Pestels,  from  a  quarter  of  a  pint  to 
1  fifallon.    4s  to  406  each. 

18.— CTarke*8  Condensing^ Blow-pipe,  for  reducing  refractory  substances  by 
means  of  the  mixed  gasses.    £S  Ids  6d  to  ^^4  4s. 

14. — An  Hydraulic  Blow-p^pe,  which  enables  the  operator  to  keep  up  the 
blast  without  th^  con>tant  application  of  the  lungs.    £\  Is  to  S'-Z  2s. 

15. — An  improved  Blow-pipe  of  the  ordinary  form,  with  a  varietvof  jets.  8s. 

16.— Pepys*  Improved  Gas  Holder.  The  great  facility  with  which  all  the 
various  expeViments  on  Oxygen  and  Hydrogen  Gas  are  i^erformed  by- 
means  of  this  apparatus,  renders  it  a  mo?t  valuable  acquisition  to  the 
JLaboratory  and  Lecture-room :  the  subsequent  addition  of  the  long- 
necked  funnel  makes  it  also  an  excellent  Hydraulic  Blow-pipe. 
£2  \  2s  6d  to  ^'3  ♦  3s  6d. 

17. — Knight's  Universal  Table  Purnace.  Is  composed  of  strong  sheet  Iroil  , 
and  lincfd  with  iire  lute:  its  capacity  6  inches  in  diameter  and  \% 
inches  deep.  Is  adapted  for  performing  the  various  operations  6£' 
smelting  metals  in  the  crucible,  subliming,  distiiiaticn  either  by  the 
naked  fire  or  sand  bat|i,  digestion,  evaporation,  decbinposilion  of 
water,  the  oxidation  of  metals,  the  assay  of  gold  and  silver  by  quat** 
tation  and  copellation,  and  all  other  operations  upon  a  smaller  scale 
than  can  be  effected  by  the.  means  of  charcoal.    £5  15s  6d  to  £6  6s. 

18.— Knight*8  Improved  Black*s  Portable  Furnace.  This  furnace  is  adapted 

for  perfonnin^  all  the  befpre  mentioned  operations,  and  being  of 

much  larger  dimensions,  and  altogether  more  substantial,  is  calculated 

;for  exciting  an  intense  Ijeat,   and  therefore  better  adai^ted  fojr  tiie 

reduc^on  of  metallic  orCb,  &c.    16  6s  to  ^7  7s. 
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19.— Aikin*s  Portable  Biait  Furnace,  for  raising  a  sudden  and  intense  heat 

by  dividing  a  strong  blast  of  air  trom  a  double  bellows  a|id  driving  it 

forcibly  through  a  numtier  of  small  holes  in  the  bottom  of  the  furnace. 

£1  ISstoj^S. 
SO.— Evaporating  Basins  of  Weclgewood*s  ware  glased  inside*  ^io'ft«ach. 
21.— Crucibles  of  hon.  Silver,  and  Platina.    10s  to  £5  each. 
9S.«->Evaporating  Basins  of  Silver  and  PUtina.     lOs  to  ^5  each. 
23— -Hessian  Crucibles  in  nests,  various.    6d  to  ^s. 
24.— Skittle-shapcd  Crucibles.    Sd  to  28. 
25b — Calcining  Ports  or  Crucibles  which  divide  in  the  -middle,  for  tiibiimm« 

tion,  &c.    9d  to  2s. 
36j—  M  uffles  for  assaying  and  roasting  Metallic  Ores,  &c.    It  to  5a.  - 
27. — Enameling  Pans.    3d  to  Ss. 
28.— Two  Neck'd  Glass  Vessels  for  Hydrogen  Gas,  wkh  stopper  and^bent 

tube  ground  in.    7s  to  10s. 
29. — Glass  and  Porcelain  Funnels. 
SO. — ^Test  Glasses  of  various  sizes.    Is  to  2s. 
31.-  The  same,  with  a  wide  bottom  for  precipitating. 
32. — A  small  neck*d  Bottle  with  ground  stopper  ma<&  thin  for  the  pnrpo'te 

of  taking  specific  gravities.    3s. 
S3.— Pepys'  Bottle  with  spiral  tube,  for  taking  the  aerial  contents  of  cal* 

careous  earth.    5$  to  7s. 
34.— Bent  Iong-neck*d  Funnel  for  filling  glass  retorts  without  soiliiig 'their 

necks.    Ss  to  5s. 
S5.— Davy's  Glass  Apparatus  for  the  analysis  of  soils.    £\  I  Is6d  to  JB9^9», 
56. — Bell  Glass  with  cork  and  sliding  wire  cup  for  shewing  the  combusdon 

nf  substances  in  oxy^n.    7s  to  10s.  •  -       , 

37. — Mercurial  Pneumatic  trough,  with  a  graduated  air  jar  and  glats^ bottle. 
38. — A  Digestine  Flask  with  capital  and  conical  stopper.    5s  to  lOs.     -  ) 
S& — A  Ckeniical  Argand*s  Lamp.     lOs  6d  to  Ifis. 
40.— Howard's  Poruble  Rain  Guage,   with -graduated  Glass  Meatttr«. 

^1  lstoj^l5s. 
4).— A  Glass  Stopper*d  Retort.    3s  to  10s. 
42.— Glass  Receiver  for  ditto. 
43.— A  Glass  Filtering  Funnel:     Is  to  3s. 
44.— Glast  Precipitating  Jar.    Is  6d  to  4|. 
45« — Glass  Spirit  Lamps.    58  to  7s  6d. 
46.— Glass  Evaporating  Dishes.    6d  to  Ss. 
47.-*Guyton's  Lamp  Apparatus,  the  stand  consisting  of  a  brass  rotind 

pillar  with  foot  of  the  same,  and  three  rinjrs  sliding  thereon  of  different 

apertures,  with  an  Argand's  Fountain  Lamp.     a^2  2b  to  £2  12b  6d. 
48.— welter's  Glass  Tube  of  Safety. 
49.— Pepys'  Apparatus  for  drying  Precipitates  at  the  uniform  temperature 

of  boiling  water.    7s  6d  to  12s. 
50.— A  Glass  Eudiometer  containing  a  cubic  inch  divided  into  100  parts.  5s« 
5U — Hope's  Eudiometer  for  the  analysis  of  Atmospheric  air,  divided  in 

like  manner.     8s. 
59.^~Davy's  Pocket  ditto  for  the  same  purpose*    lOs'  6d. 
53— Pepys'  ditto  diuo.    10b  6d. 
<54»— An  Eudiometer  for  shewing  the  formation  of  Water  by  the  combustion 

of  Oxygen  and  Hydrogen  gas  by  the  Electric  spark.     lOs  6d  to  14s. 
55. — Davys  improved  ditto  attached  to  a  8tand  with  sparal  spring.  J§1  )6s. 
56» — A  small  Glass  Funnel  with- long  neck  for  exhibiting  the  combustion 

of  Phosphorus  under  water. 
57. — A  Magnetic  Needle  and  Centre.    Ss  to  ^s. 

llote. — In  addition  to  the  above,  a  variety  of  Pocket  and  Portable  Cases 
of  Instruments,  with  appropriate  tesu,  for  the  analysts  of  Minerals  by  the 
JSiow-pipe,  as  described  by  Professor  Berzelius  in  his  treatise  recently 
published  on  that  subject,  and  since  translated  by  Mr.  Children.,  ^oia 
jf  1  Is  to  ^tO  lOs.  •  ; 
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Speedily  will  be  publishedy 

Of  thf  came  size  with  the  *  Outlines  of  the  Geology  of  Engkud  andWalcs, 
■  by  the  Rev.  W.D.  Conyheare  and  W.  Philhps,' 

AN  INTRODUCTION  TO  THE  STUDY  QP 

FOSSIL  ORGANIC  REMAIN$, 

AND  ...     - 

XtPECIALLY  OF  THOSE  FOUND  IN  THE 

BRITISH  STRATA^ 

In  a  Cooiixaation  of  such  information,  chieflv  in  Tabular  fofths;  as  may  aid 
the  Student  in  his  enquiries  respecting  the  nature  gi  Fofsiii  and  their 
connection  with  the  formation  of  the-Earth,  r 

By  JAMES  PARKINSON. 


B^  the  sam^  Author^ 
ORGANIC  REMAINS  OF  FORMER  WORLDS; 

WITH   ILLU8TRATIYE   PLATES, 

In  Three  Volumes  Quairto. 
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Sold  by  W.  PhilUpi^  George  Yardy  Lombard  Sireei. 


TRANSACTIONS  of  the  GEOLOGICAL  SOCIETY.  4to. 

y(A.l,£2  1S»  6a.— Vol. «, £S  16s.— Vol.  3,  ^3  138  6a.^Vol.  4,  £4  It .— 
YoL5,  Put  I,  JPS  lOt.    Part  8,  £3  10k 

A  TREATISE  on  a  SECTION  of  the  STRATA  from 
NEWCASTLE-UPON-TYNE  to  the  Mountain  of  CROSS  FELL,  in 
.  0iuBbtrland,  with  remarin  on  Mineral  Veins  in  eenenil.  Also  Tables  ef 
the  Strau  in  Torkihirc,  Dttbyslure,  .Itc.  To  whidi  is  adM  a  Treatise  on 
the  Discoverr,  the  Opening,  and  the  Working  of  Lead  Mines,  with  the 
Dressing  and  Smelting  of  Lead  Ores.  Second  Edition,  greatly  enlarged, 
B J  Wcstgirth  Fbiliter.    18b.*  large  Paper  ^  I  6s. 

A  NATURAL  HISTORY  of  the  CRINOIDEA  or  LILY- 
SHAPED  ANIMALS;  tirith  Observations  on  the  Genera  Asteria,  Ctirytie, 
Cormatula,  and  Marsupites,  illustrated  with  Fifty  Coloured  ^ttes.  By 
J.  S.  Miller,  A.L.S.  4to.  £2  18s  64* 

GEOi;^QICAL  and  MUNING  REPORT  op  tfie  LEIN- 

STER  COAL  DISTRICT.  By  Richard  Griffith,  Jun.  Esq.  Inspector 
General  of  His  Majesty's  Royal  Mines  in  Ireland,  Mining  Engineer  to  the 
Dublin  Society,  F.R.S.  Ed.  &c.  &c.  &•  Svo.  iSs. 

GEOLOGICAL  and  MINING  SURVEY  rf  the  CON- 
HAUGHT  COAL  DISTRICT  in  Ireland.  By  Richard  Griffith,  Jun.  Es^. 
Inspector  General  of  His  Majesty's  Royal  Mines  in  Irehmd,  Mining  Eiigt- 
ncer  to  the  Dublin  Society,  F.R*S.  Ed.  &c.  &c.  &c.  8vo.  \2b. 

On  the  MAMMOTH  or  FOSSIL  ELEPHANT,  fonnd  in 
the  Ice  at  the  Mouth  of  the  River  Lena. in  Siberia;  with  a  Lithographic 
Plate  of  the  Skeleton.    Ss  6d  stitched. 


In  the  Press. 

The  ELEMENTS  of  CRYSTALLOGRAPHY  rendered 

familiar  to  the  STUDENT  who  is  unacquainted  with  the  Mathematics ; 
with  an  Appendix,  containing  the  methods  of  calculating  nuttheftuticapy 
the  laws  oi  Decrements,  and  Rules  for  drawing  accurately  the  Figures  of 
Crystals.    By  Henry  lames  Brooke,  F.R.S.  M.G.S.  &c. 


About  the  end  of  the  present  year  (1882)  will  be  published,. 
A  New  and  greatly  improved  Edition^  in  one  Volume  small  8in). 

of 
AN  INTRODUCTION  TO  MINERALOGY,  &c. 

By  William  Phillips,  FX.S.  M.G«S.  &:c. 

This  Edition  will  be  illustrated  by  a  considerable  number  of  Wood  Cuts 
in  addition  to  thoitc  given  in  the  former  Edition* 
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SELECT  BOOKS  AND  PUBLICATIONS 

OBf 

NATURAL    HISTORY, 

TO  BE  HAD  Oy 

G.  B.  SOWERBY, 
No.  3S,   KING  STREET,   COVENT  GARDEN, 


Just  Published^  Numbers  I.  to  V.  of  the 

GENERA  of  RECENT  and  FOSSIL  SHELLS, 

For  the  Use  of  Students  in  CONCHO  LOGY  and  GEOLOGY:  to  be 
continued  in  Monthly  Numbers^  each  containing  SU  t*lates  of  Genera, 
with  corresponding  Letter-press,  descriptive  of  the  Characters  by 
which  each  Genus  is  distinguished;  the  Land,  Fresh  Water,  and 
Marine  Nature  of  each  Genus  will  be  particularly  noticed,  as  well 
as  the  Strata  in  which  the  Fossil  Species  occur. 


It  Is  tiM  intention  of  the  Authors  to  select  the  most  characteristic 
specimens  in  illustration  of  theGrenera,  and  the  Plates  will  be  all  original 
and  executed  in  a  superior  manner  by  James  Sowerbt,  F.  L.  S.  M.  G.  S. 
&c.  &c.  ^  The  descriptive  part  and  observations  will  be  conducted  by 
Gborge  Brettinoham  Sowerbt,  F.  L.  S.  who,  without  pledging  him- 
self  to  follow  any  particular  system,  feels  confident  that  he  will  be  able, 
assisted  by  the  excellent  Engravings  with  which  it  will  be  illustrated  by 
his  Father,  to  render  this  Work  in  every  respect  highly  deserving  of  the 
pnblic  patronage  he  earnestly  solicits  for  it.  The  price  of  each  Number 
will  be  48.  plain,  and  6B.iiighly  finished  in  colours. 


As  it  is  impossible  to  give  a  correct  idea  of  the' nature  of  such  a  Work 
in  an  advertisement,  G.  B.  SOWBRBY  invites  the  public  inspection 
of  the  Five  First  Numbers  as  a  fair  specimen,  at  his  own  Rooms, 
No.  3S,  Kino  Street,  Covent  Garden ;  or  at  Messrs,  James  Sotoerby^ 
S,  Mead  Place,  Lambeth ;  Sherwood^  Neely  and  Jones,  Paternoster 
Row  i  Hatchard  and  Son,  Piccadilly ;  Phillips,  George  Yard,  Lom- 
bard Street;  Wood,  Strand;  StiUchbury,S,  Dove  Court,  Old  Jewry; 
and  J.  Richard,  Quai  Voltaire,  Paris,  where  Copies  will  be  deposited 
for  Sale. 


N.  B.  All  unnecessary  multiplication  of  the  Genera  will  be  avoided, 
and  the  Work  will  be  concluded  in  as  few  numbers  as  possible — ^though 
in  every  cRse  a  separate  Plate  will  be  devoted  to  each  Genus.  A  Classi- 
fication of  the  Plates  and  a  List  of  Subscribers,  will  be  given  at  the 
conelution. 
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ENGLISH  BOTANY;  or  coloured  Figures  of  all  the  Native 
Plafitt  •€  Qrmi  Britain.  By  J.  ISoWerbt,  F.  L.  S.  &c.  With 
Detcriptioofl,  by  Sir  J.  E.  Smith,  M.  D.  P.  L.  S.  &c,  arranged 
systematically,  and  neatly  bound  in  SO  vols. 

ENGLISH  FUNGI,  coloured  Figures  and  Descriptions,  by 
J.  SowEmBT,  small  folio. 

BRITISH  MINERALOGY,  coloured  Figures  and  Diescrip. 
tions  of  British  Minerals,.  5  toIs.  RAjral  8vo.  in  Numbers,  or  neatly 
•bound  in  4  vols. 

EXOTIC  MINERALOGY,  coloured  Figures  with  Descrip- 
tions,  as  a  Supplement  to  British  Mineralogy,  and  making,  together 
with  it,  a  complete  Mineralogical  Cabinet.  98  Numbers,  Royal  8vo. 
at  5s.— to  be  completed  in  2  voku 

MINERAL  CONCHOLOGY;  or  the  Fossil  Shells  of  Great 
Britain.  Coloured  Figures  and  Descriptions,  by  J.  Sowerbt,  Royal 
8vo.  50  Numbers^  at  58.  to  be  continued  Monthly. 

EXOTIC  BOTANY;:  or  coloured  Figures  of  new,  beautiful, 
or  rare  Plants.  By  J.  Sowerbt,  with  their  Descriptions  by  Sir 
J.  £.  Smith.    2  vols.  4to. 

A  BOTANICAL  DRAWING  BOOK,  Royal  6to.  coloured 
lOs.  dd. — uneolowred  7s.  dd* 

A  new  ELUCIDATION  of  COLOURS,  by  J.Sowbbby, 

Royal  4to,  jCIIs. 

MALACOSTRACA  PODOPHTHALMA  BRITANNIA; 

or  a  Monograph  of  the  British  Crabs,  Lobsters,  Prawns,  &c. 
By  Dr.  Leach,  with  coloured  Engravings  by  J.  Sowerbt.  17 
Numbers,  Royal  4to.  at  7s.  6d.  each,  to  be  completed  in  about  3  more 
Numbers.   . 

Histoire  Naturelle,   generale  et  particulii^re,  des  MOLLUS- 
.        QUBSTBRRBSTRESetFLUYIATlLES,  by  Baron  d'AuDEBARD 
de  Ferussac^  or,  Ferussac  on  Land  and  Fresh  Water  Shellsw     IS 
i  Number«.in  folio,  highly  fimshed  in  colours^  at  309.  each,  or  uoco- 

loured  15fl.  each.    More  than  700  species  of  Laqd  Shells  alone,  will 
I  be  described  and  figured  in  this  Work*  which  is  ej^eented  wi^  the 

)  utmostcare  and  preciyion,  by  the  first  French  ArtistSb 

'  RECHERCHES  sur  les  OSSEMENS  FOSSILES  des  QUAD- 

\  RUPEDES,  nouvelle  Edition,  entierement  r^fondue  et  considera- 

i  blem^nt  augment^e,  by  the  Baron  Cuvier.     5  vols,  in  4to.  at 

£«  5s.  each. 

!  Traits    complet    de  la  CHAUX    CARBON^^TEE  et    de 

L' ARRAGONITJB.  By  the  Comte  de  Bovrkon.  J  vols,  in  4to. 
J^111s.6d. 
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A  NATURAL  HISTORY  of  tke  CRINOIDEA,  orUly 

slutted  Zoophytes,  by  J»  S»  MuAm,  A  h*  8.  Royai  4to.  £2  ISs.  6d» 

The  FOSSILS  of  the  SOUTH  DOWNS,  orOatKnc*  of  the 
Qeologyt  of  the  South  Easteni  Divbion  of  Sussex^  (illustrated  by 
42  Plates^,  engraved  in  Aquatinta,  by  Mrs.  Mantell,)  1  vol. 
Royal  4to.  By  Gidtow  Mahtbll,  Esq^.  F.  L.  S.  Sec.  £3  9b.  (in 
the  Ihress.) 

An  ANALYSIS  of  the  NATURAL  CLASSIFICATION 
of  MAMMALIA;  for  the  Use  of  Students  and  Travellers.  By 
T.  E.  BowDicH,  Esa.  15s. — Also,  by  the  same  Author,  an  INTRO- 
DUCTION  to  the  ORNITHOLOGY  of  Cutier.  Eadi  of  these 
Works  is  illustrated  withnearly  900  figures. 

Histoire  naturelle  des  Mammif^res,  avec  Figures  Origmales 
enlumin^es,  dessin^es  d'apr^s  nature*  sur  des  Individus  vivans,  par 
M.  M.  Geoffroy  St.  Hiliare  et  Frederic  Cuvier.  32  Numbers,  each 
consisting  of  Six  Plates  in  lai|pe:folio,  at  15s.  each. 

EXOTIC  CONCHOLOGY,  or  Figures  and  Descriptions 
of  rare  and.  undescribed  ^leUs,  selected  from  the  niost  beautiful 
Specimens,  and  coloured  in  imitation  of  Drawings,  by  W.  SvrAiNsoir, 
Esq.  F.  R.  S*  Sic.  The  whole  will  be<completed  in  2  volumes;  the 
price  of  each  Parti  lOs.  6d.  plain,  or  16s.  coloured;  or,  with  both 
plain  and  coloured  impressiiHis,  £1  Is.    Royal  4to. 

The  NORTH  AMERICAN  SYLVA,  or  a  description  of  the 
Forest  Trees  of  the  United  States,  Canada,  and  Nova  Scotia,  con- 
sidered with  respect  to  their  use  in  the  Arts,  and  their  introduction 
into  Commerce,  with  156  engravings;  trandated  from  the  French 
of  F.  A.  MicHAux,  by  Augustus  L.  Hill&ouse.  3  vol.  large  8vo. 
coloured,  ^5  5s.  or  plain  £2  158. 

An  Essay  on  the  History  and  Cultivation  of  the  EUROPEAN 
OLIVE  TREE,  by  Augustus  L.  Hillbouse.  Small  8vo.  one 
plate,  coloured  Is.  6<!^ 

CONCHIOLOGIA  FOSSILE  SUBAPENNINA,  conosser- 
vazioni  geologiche  sugli  Apennini  e  sul  suolo  adiacente,  di  G. 
BROCCHI.    8  vol.  4to.  with  16  plates. 

ELEMENTS  of  CONCHOLOGY,  including  the  Fossil 
Genera  and  the  Animals;  with  Geological  localities;  illustrated  by 
upwards  of  500  figures,  by  T.  £.  Boitdicb,  Esq.  908. 

Histoire  naturelle  des  Crostac^s  Fossiles,  sous  les  rapports 
Zoologi^ues  et  G^ologiqnes ;  savoir,  les  Trilobitet,  par  Alexandre 
Brongniart;  les  Crustac^s  proprement  dits  par  Aneelm  Gaetan 
Desmarest,  avec  U  planches,  4to.  16f. 

Institutions  G^logiques,  par  Scipion  Breislak.  3  ToL  in  8vo* 
avec  UQ  atlas  de  56  planches,  Blilan,  1818,  £3 
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